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THE EFFECT OF LOW TEMPERATURE ON SOME OF 
THE PHYSICAL PROPERTIES OF A SERIES 
OF IRON-CARBON ALLOYS. 


By C. W. WAGGONER. 


HE series of experiments described below was undertaken with 

the view of determining how the temperature of liquid air 

affects the magnetic permeability, the magnetic hysteresis and the 

expansion coefficient of a series of iron-carbon alloys; and how 
these properties change with varying chemical composition. 

The effect of low temperatures on the magnetic hysteresis, mag- 
netic permeability and electrical conductivity has been studied to 
some extent before but with alloys of iron of which the chemical 
composition and definite, previous heat treatment were in many cases 
unknown. 

A very exhaustive study of the effect produced by liquid air tem- 
peratures on the mechanical properties of iron and its alloys has been 
made by R. A. Hadfield." 

Thiessen * has investigated the hysteresis loss of iron and steel 
at 100° C., 20° C.and about — 70° C., the latter obtained by using 
solid CO,. He found that for soft wrought iron the hysteresis in- 
creased with decreasing temperature when the maximum magnetiz- 
ing field caused magnetic saturation, and that the reverse was true 
for low magnetizing forces. The same effects of temperature were 
found for annealed crescent tool steel. 


1Jour. Iron and Steel Inst., Vol. LXVII., p. 147, 1905. 
? Thiessen, PHys. Rev., Vol, VIII., p. 65. 
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Fleming and Dewar’ found that the magnetic permeability of an- 
nealed soft Swedish iron decreased when cooled in liquid air for all 
magnetizing fields, but for the same iron unannealed they found an 
increase in the permeability at the low temperature. They found 
also no change in the hysteresis loss of a sample of soft transformer 
iron, for varying values of the magnetic induction, when cooled in 
liquid air. T. Claud * working with soft iron found a slight tendency 
to lower hysteresis and permeability at the lower temperature. 
Honda and Shimizu* using Swedish iron, found that cooling in 
liquid air diminished the magnetization in low fields, but increases it 
in the strong, the change amounting to about two per cent. They 
also found that the hysteresis loss was decreased in weak induc- 
tions and increased in the strong by cooling in liquid air. 

Dr. Fleming* in a note to the Iron and Steel Institute, gives 
some further results on the magnetization of two steels (0.055 per 
cent. C and 0.29 per cent. C) at the temperature of liquid air. He 
found that the effect of low temperature on the permeability de- 
pended on the previous heat treatment. The low carbon iron, in 
the annealed state, gave an increase in the permeability for all fields 
when at the low temperature; while the high carbon steel, annealed, 
had its permeability decreased when in liquid air. He says: 
‘“‘ Broadly speaking, it seems as if the result of low temperature on 
iron containing a large per cent. of carbon was to decrease the per- 
meability, whilst an opposite effect was produced upon iron con- 
taining a small percentage of carbon.” J. Stauber’ working with 
three steels (no analysis given), found that the lowering of tempera- 
ture is accompanied by a decrease in the hysteresis loss ; but that 
with higher magetizing fields (30 gauss), both permeability and 
hysteresis loss increased with decreasing temperature. 

The steels used in the following tests were made by Dr. J. A. 
Mathews, of the Crucible Steel Co., Syracuse, N. Y., to whom the 
writer wishes to express his gratitude not only for the steels, but 
also for the complete chemical analysis. These steels were made 

1 Fleming and Dewar, Proc. Roy. Soc., Vol. 60, p. 81, 1896. 
2Claud, C. R., Vol. CXXIX., p. 409, 1899. 
8’ Honda and Shimizu, Jour. Coll. Sc., Tokio Univ., Vol. XX., 1905. 


‘Fleming, Jour. Iron and Steel Inst., Vol. LXVII., p. 237, 1905. 
5 Stauber, Le Lumiere Elec., Vol. I., p. 120, 1908. 





















































IRON-CARBON ALLOYS. 


Chemical Analysis. 


Mark. Cc P Si Mn Ss 

PE .058 Trace .008 .071 — 

Al .60 .013 15 .14 .012 
A2 .74 .012 .16 .14 .013 
A3 .89 .010 19 .155 .013 
A4 .98 .012 .16 15 .013 
A5 1.18 .012 .14 .14 .013 
A55 1.26 .012 .16 mt .014 
A6 1.37 O11 .19 .16 .012 


by the crucible process and after being rolled were allowed to cool 
in the air. The composition of the different specimens is given in 
the preceding table. 

The low carbon iron, marked P.I. in the analysis was kindly 
loaned the writer by Professor Bancroft, of the Department of 
Chemistry, Cornell University. The rods were all 5g inch in 
diameter and 45 cm. in length. Previous to the magnetic tests the 
steels were all annealed in a platinum furnace, by heating the 
whole at 1000° C. for two hours and then allowing them to cool 
in the furnace. It is assumed that this heat treatment removed the 
effects of machining the steels. Unfortunately the steel marked A2 
was mislaid while the magnetic tests were being made and so it 
was not included. 

The ballistic method was used to measure the magnetic quanti- 
ties. Taylor’ has found that a heavily damped galvanometer gives 
more accurate results in magnetic measurements than one with 
small damping, because the creeping up of the induction to its final 
value, for any given field, takes an appreciable time. Stewart? 
used a voltmeter, without its series resistance, as a galvanometer 
for hysteresis measurements, calibrating it with a standard con- 
denser and known E.M.F. Following this suggestion a galvanom- 
eter was made from the parts of a Weston voltmeter. The coil, 
wound on an aluminum form, was suspended by a fine silk fiber ; 
the current being carried into the coil by two small spiral springs 
of silver. These springs were so adjusted that the silk fiber fur- 


'Taylor, PHys. Rev., Vol. XXIII., p. 95, 1904. 
* Stewart, PHys. Rev., Vol. XXI., p. 158, 1903. 
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nished sufficient torsion to just bring the coil to its zero position 
after it had been given a deflection. The galvanometer was cali- 
brated with a standard condenser and a known E.M.F., and its 
constant was checked up several times during the test. This form 
of galvanometer proved to be very satisfactory and readings could 
be made quite rapidly. In making the readings it was found that 
in the time necessary to adjust the resistances for the following 
reading, the galvanometer coil would settle back to its zero and be 
ready for the next throw. 

In order to avoid the cumulative effect of an error in any previous 
reading of the ballistic throw, the method of operating by steps from 
one extremity of the cycle, given by Ewing,’ was used. The upper 
half of the hysteresis cycle was obtained in this way and the area 
of the plotted curve measured with a planimeter for the hysteresis 
loss. With each specimen three cycles were taken, both at room 
temperature and with the specimen in liquid air, for three values of 
the magnetic induction. The ballistic coil was wound on the out- 
side of the magnetizing coil and at its center. No attempt was 
made to correct for the demagnetizing effect of the ends of the rods, 


length atl 
diameter’? ) 
and since they all had the same length and approximately the same 
diameter this correction would not affect the values given when 
compared among themselves. A small coil was wound on the 
outside of the magnetization coil and a current passed through it 
to compensate for the effect of the earth’s field in the iron. In 
making the tests at the low temperature the magnetizing coil and 
the specimen under test were placed in a long vertical Dewar tube 
and covered with liquid air. As the air evaporated, more was 
added so as to keep the coil and specimen completely and continu- 
ally covered. No attempt was made to measure the temperature 
change which took place as the air evaporated and new air added, 
but the tests were never started until the violent ebullition of the 
air had ceased, indicating that the whole mass had reached the 
lowest temperature. The high temperature tests were made at 


1 Ewing, Magnetic Induction in Iron, p. 356, 1904 ed. 
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about 20° C., that of the room. In the case of the low carbon 
steels, since the hysteresis loss is small, several of the tests were 
repeated in order to make sure of the values obtained. 

An inspection of the data in Table I. shows that for the lowest 
carbon iron the permeability, when at the temperature of liquid air 
is slightly higher than its value at room temperature for the highest 
value of the magnetic induction, and decreases for the lower values. 
Also, the hysteresis loss for the smallest induction has a smaller 
value when at the lower temperature, but at higher values of the 
induction the hysteresis loss is greater at the low than at room 
temperature. This is in agreement with the work of Honda and 
Shimizu ' on a Swedish low carbon iron and Dr. Fleming * working 
with 0.05 per cent. carbon iron. For all the other specimens the 
effect of low temperature is to decrease the permeability and in- 
crease the hysteresis loss for all values of the magnetic induction 
studied. In order to study the change in the hysteresis loss with 
varying percentages of carbon, the Steinmetz* law W= 7S", was 
used, computing the value of 7 for the highest induction studied. 
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Fig. 1. Showing the relation between the hysteresis coefficient and ‘the carbon’ con- 
tent. Curve 4 represents the relation at 20°C, Curve # represents the relationat 
— 180° C, 



































The curves given in Fig. 1 show the relation between the hys- 
teresis coefficient and the percentage of carbon. It will be seen 
that up to .g per cent. carbon the line has been drawn straight, 


' Loc. cit. 
2 Loc. cit. 
3 Steinmetz, Am. Inst. E. E. Trans., Vol. 1X., 1892. 
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while from that point the dotted portion indicates that the maximum 
is reached about 1.2 per cent. carbon, and then shows a tendency to 
decrease. Dillner and Enstrom' have shown that up to .5 per 
cent. carbon the relation between the hysteresis coefficient and the 
percentage of carbon is a straight line. A justification for the 
dotted portion of the curves given in Fig. 1 was found in Dr. Carl 
Benedicks’ * classic thesis. Benedicks made a very careful study of 
the magnetic properties of a series of steels made in an electric 
furnace. The steel was studied in three states; annealed, forged 
and tempered. 

Fig. 2 shows the curves plotted from Benedicks’ data (page 150) 
on the steels in the annealed and forged state. 

In Fig. 2 it will be seen that the curves have a very well defined 
maximum at about 1.32 per cent. carbon, and that the curve for the 





%CGardon 
Fig. 2. Showing the relation between the hysteresis coefficient and the carbon con- 
tent. Plotted from Benedicks’ data. Curve A represents the relation for the stee 
annealed. , Curve & represents the relation for the steel forged. 


alloys that were forged lies above that for the annealed alloys, 
showing $that the forging had a magnetic hardening effect on the 
steels. 

' Dillner and Enstrém, Jour. I. & S. Inst., Vol. LX VIII., p. 408, 1905. 


? Reserches Physiques et physico-chemiques sur l’acier au carbone, Carl Benedicks, 
Upsala, 1904. 
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T. Swindon’ has studied the magnetic properties of a series of 
carbon tungsten steels containing a constant percentage of tungsten. 
The writer has taken the liberty to reproduce some of Swindon’s 
curves, showing the relation between the hysteresis loss and the 
carbon content, since they seem to confirm those of Benedict’s and 
his own. 

The curves shown in Fig. 2a are taken from Swindon’s paper 
and they show the effect of heat treatment. 





uv * > 


to 


‘Carbon per cent 

Fig. 2a. Showing the relation between the hysteresis loss and the carbon content. 
Taken from Swindon’s paper. The ‘‘ Normalizing’’ treatment consisted in heating to 
950° C., holding that temperature for 15 minutes and then allowing the rods to cool 
freely in the air. 

From Fig. 2a it will be seen that the curves, for the steels in the 
normalized and hardened conditions, resemble those in Fig. 1 and 
Fig. 2 in this, that the hysteresis loss reaches a decided maximum 
as the carbon content increases and then decreases. The position 
of the maximum, in the case of the tungsten steels, depends upon 
the degree of thermal hardening. The steels in the annealed 
state seem to approach a maximum at about I.1 per cent. carbon ; 
the series, however, does not increase sufficiently in carbon content 
to indicate a decrease from this maximum as the carbon increases. 

Benedicks? also found the relation between the hysteresis coeffi- 


1Swindon, The Electrician, Vol. LXII., pp. 830-832, 1909. 
2 Loc. cit., p. 153. 
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cient (at saturation) and the coercive force to be a fixed ratio. So 
Fig. 3 was plotted from the data at room and liquid air temperatures. 
The value of the slope for the alloys at room temperature was 
found to be .00113; while that at liquid air temperature was .00108. 





Fig. 3. Showing the relation between the hysteresis coefficient and the coercive 
force. Curve 4 represents the relation at 20°C. Curve & represents the relation at 
— 180°C, 


The tests show that the hysteresis loss at liquid air temperatures, 
for the higher magnetizations, was always increased ; so the per- 
centage increase in 7, when the steel was at the lower temperature 
was computed and will be found in the data in the column Jy in 
per cent. The values in the column are plotted against the per- 
centage of carbon and the curve is given in Fig. 4. 

It will be seen from the curve given in Fig. 4 that the increase in 
hysteresis loss for a low carbon alloy is rather large and as the car- 
bon increases this increased loss grows smaller, reaching a minimum 
value at about I.1 per cent. carbon, beyond which point it again in- 
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creases. The resemblance should be noted between the curve 
(Fig. 4) with its minimum at 1.1 per cent. carbon, and the revised 
iron-carbon diagram given by Upton! with its minimum at I per +. 
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Fig. 4. Curve showing the increase (in per cent.) of the hysteresis coefficient when 
the steel is at the temperature of liquid air and percentage of carbon. 


cent. carbon. Howe’? finds that the tenacity of an iron-carbon series 
increases with small percentages of carbon, reaching a maximum at 
about 1.2 per cent. carbon and then decreasing with increased car- 
bon. Just what bearing the iron-carbon diagram has on the curve 
given in Fig. 4 the writer is unable to say, for the diagram itself has 
been the subject of much discussion, and many changes have been 
proposed. 

The increase in the hysteresis coefficient (in per cent.) for the 
forged steel over the steel in the annealed state was computed from 
Benedicks’ * data and plotted in Fig. 5. 

The curve given in Fig. § bears the same shape as that given in 
Fig. 4, showing a minimum value of the hysteresis coefficient at 
about 1.32 per cent. carbon. It should be remarked, also, that the 
other constituents of Benedicks’ alloys, manganese, silicon, sulphur 
and phosphorus vary rather widely, which makes strict comparison 
of the two curves impossible. However it is safe to say that the 

1 Upton, J. Phys. Chem., Vol. XII., p. 507, 1908. 


2 Howe, Iron, Steel and Other Alloys, 1903, p. 162. 
3 Loc. cit. 
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effect of the low temperature on the magnetic hysteresis of steel is 
similar to the magnetic hardening produced by forging. 
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Fig. 5. Showing the carbon content and the increase in hysteresis coefficient from the 
annealed to forged condition. 


SUMMARY. 

A brief summary of the results is given below. 

1. The effect of low temperature on an annealed low carbon iron 
is to increase both permeability and hysteresis loss in high fields, 
but to decrease both for very low fields. 

2. For higher carbon steels, annealed, the effect of low tempera- 
ture is to increase the hysteresis loss and decrease the permeability 
for all fields. 

3. The ratio 7/He as given by Benedicks seems to hold for steels 
at the temperature of liquid air as well as at room temperature. 

4. The percentage increase in hysteresis loss for high fields when 
an annealed steel is cooled to the temperature of liquid air is a func- 
tion of the carbon content. The change in the hysteresis loss de- 
creases with the addition of carbon reaching a minimum about 1.1 
per cent. carbon and then increases. 

5. The change, in the hysteresis loss of a series of iron carbon 
alloys, produced by liquid air is analogous to the magnetic harden- 
ing of steel by forging. 


THE COEFFICIENT OF LINEAR EXPANSION. 


In order to determine the relation between the carbon content 
and the density of these steels at the temperature of liquid air, Dr. 
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H. G. Dorsey, of our department, kindly determined the mean 
coefficient of linear expansion for the steels, from room temperature 
down to the temperature of liquid air, by an interference method 
already described." The results are shown in Fig. 6. From the 
curve it will be seen that the effect of added carbon is to decrease 
the expansion coefficient ; and there is no indication of a change in 
the curve at I.I per cent. carbon as was found in the magnetic 





, Carbon 


Fig. 6. Showing the relation between the expansion coefficient and carbon content. 


tests. Carbonless iron, from the curve, would have a coefficient 
of expansion of 928 x 107. 

The writer hopes to add to the tests above described the specific 
resistance and the temperature coefficient of resistance of these 
steels at the temperature of liquid air. 


PHYSICAL LABORATORY, 
CORNELL UNIVERSITY. 


'Dorsey, PHys. REv., Vol. 25, p. 88, 1907. 
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ON SOME PECULIARITIES OF ELECTRICAL CONDUC- 
TIVITY EXHIBITED BY POWDERS AND 
A FEW SOLID SUBSTANCES. 


By R. H. Gopparp. 


HE unilateral conductivity of the mercury arc and the electro- 
lytic cell, the lack of proportionality between E.M.F. and 
current in the arc and in contact rectifiers, and the change of resist- 
ance with time in the case of some heated substances are well- 
known anomalies of electrical conductivity. The purpose of this 
paper is to describe some new cases of this sort, which may, per- 
haps, lead to a new point of attack of the questions of asymmet- 
rical conduction in contact rectifiers, and also of the problem of the 

coherer. 

OUTLINE OF THE Work. 

The work herein described grew from a study of the conductivity 
of loose powders, a subject on which, so far as the writer has been 
able to learn, practically no, work has been done (except in the case 
of the coherer). In investigations where the specific resistance of 
salts has been measured, the substances, although existing after 
purification as powders, have in all cases been submitted to pres- 
sures in the neighborhood of 10,000 atmospheres before any meas- 
urements of the resistance have been taken. 

In the work described in this paper, the writer investigated 
chiefly three phenomena of conduction through loose powders and 
certain solid substances: (1) Change of conductivity with time. 
(2) The development of asymmetry of conduction, that is, difference 
of conductivity in the direction of and opposite to the current. 
(3) Deviation from Ohm’s law. 


APPARATUS. 


The resistance of the powders examined was very high —e. g., 
the mean of two values of the specific resistance for powdered cal- 
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cium sulphide was 1.72 x 10’ ohms. Thus the conductivity could 
only be measured by using a thin, wide layer of the powder, a high 
E.M.F., and a sensitive galvanometer. The apparatus is shown in 
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Fig. 1. 








Fig. 1. The powder was sprinkled over a flat copper disk 6 inches 
in diameter to a depth of about a millimeter. Then a similar disk 
on which was a lead weight W was placed on this layer. This re- 
sistance, or bridge (as a conductor of high resistance will be called, 
for lack of a better term), was placed in series with a sensitive 
Broca galvanometer G. An E.M.F. was applied by a battery of 
forty small storage cells, so that the E.M.F. could be varied by 
steps of closely two volts from o to 80 volts. <A reversing switch 
S was provided. Throughout the work the galvanometer sensi- 
bility was 7.156 x 107° amperes per mm. of the scale. 

The substances studied were the sulphides of calcium, barium, 
zinc, and mercury, sulphate of calcium and of mercury, calcium 
fluoride, barium carbonate, magnesium oxide, mercuric oxide, 
mercurous oxide, litharge, zinc-dust, mercuric iodide, solid silver 
iodide, borax, zinc perborate, selenium, and molybdenite. 

Of the solid substances used in the experiments, the silver iodide 
bridge was made by fusing precipitated silver iodide on a glass plate 
on which had previously been bound two platinum wires, .5 cm. 
apart, as electrodes. The silver iodide was heated highly so as to 
reduce some of the silver, to aid in the conduction, and in some 
cases a trace of silver nitrate was added. This bridge, when cold, 
had a high resistance, but not so high as to make readable deflec- 
tions impossible. 

Barium sulphide, in the form of hard lumps, was ground down on 
an emery wheel and finally filed into the form of thin disks. 
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The mineral molybdenite —the other solid substance examined 
— was split into thin plates. The other substances call for no special 
mention. 

CHANGE OF CONDUCTIVITY WITH TIME. 


It has been observed’ that when certain solid sulphides, lead 
sulphide and silver sulphide, are heated by the passage of a current 
through them, the conductivity increases greatly. On removing 
the heating current, it is found that the conductivity falls to its 
original value, then falls somewhat below it, thence slowly increas- 
ing to the original value, in about 40 minutes. Other than this, 
the conductivity of substances — excepting in the electrolytic state 
— does not change with time. 

In the case of the powders and solids here considered, however, 
the conductivity varied with the length of time the current was 
applied, at ordinary temperature. 

In most cases, when an E.M.F. was applied, the conductivity 
fell very rapidly at first, then more and more slowly, approaching 
a limiting value, many times less than the original conductivity. 
If, after this exposure had continued for some time the circuit was 
broken, the conductivity slowly regained its original value, the 
increase being most rapid at first. When the exposure was long 
enough to make the conductivity constant, the state of the substance 
seemed fairly steady, that is to say, if the circuit were opened for 
a short time and then closed, the conductivity soon regained the 
steady value before the interruption. It was found, in this way, 
that a momentary breaking or even reversing of the current, did 
not change appreciably the conductivity of this steady state. Thus 
it may be assumed that in studying the rise of conductivity after 
exposure to the steady E.M.F., momentary application of the E.M.F. 
to get a deflection did not change the conductivity of the substance 
appreciably. 

This change of conductivity with time differed both as regards 
magnitude and direction with various substances. Of the powders 
used, calcium sulphide gave the greatest change in magnitude. 
On one occasion, after an exposure to the E.M.F. of three days, 
the conductivity rose 60 fold in 21 hours. The initial changes pro- 
duced in calcium sulphide by the E.M.F. were too rapid to be 
1 Streintz, Phys. Zeit., 4, p. 106, 1903. 
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recorded. A curve is, however, given (Fig. 2, /) showing the 
effect of application of the E.M.F. to a specimen of calcium sul- 
phide, 40 minutes after a previous, long, application. The first part 
of the curve shows the effect of the steady application — the second 
part, the effect after the E.M.F. was removed, it being applied then 
only long enough to take readings. 
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Fig. 2. Time-conductivity change for /, calcium sulphide, current applied during 
(a-6) ; 7/, zinc sulphide; ///, magnesium oxide ; /J’, strontium sulphide ; V’, solid 
barium sulphide. Ordinates, deflections, abscissz, time in minutes. 

The substances which exhibited a decrease of conductivity on 
continued passage of a current were — arranged in the order of mag- 
nitude of the effect— calcium sulphide, barium sulphate, borax, 
zinc sulphide ( Fig. 2, //), magnesium oxide (Fig. 2, ///), mercur- 
ous sulphide, mercuric sulphide, zinc dust, calcium sulphate, solid 
silver iodide, strontium sulphide (Fig. 2, /V) and litharge. 

Those exhibiting an increase were — solid molybdenite, barium 
carbonate, powdered barium sulphide, solid barium sulphide (Fig. 
2, V), and red iodide of mercury. 

Barium fluoride, zinc perborate, and selenium, all powdered, 
showed neither increase nor decrease to any appreciable extent. 


EFFECT OF a VACUUM. 


All the powders that were examined, except selenium, and even 
the solids, silver iodide and barium sulphide, showed a marked effect 
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when the vessel in which they were contained was exhausted by 
an airpump. The effectin nearly all cases was the same —a great 
decrease in conductivity, the change persisting until air had been 
readmitted, following which there was a gradual rise. With mag- 
nesium oxide, the conductivity was reduced to one ninth the initial 
value by the vacuum, and with other substances the change was 
comparable with this. The behavior of calcium sulphide is illus- 
trated by Fig. 3, 7. For all other substances, except solid barium 
sulphide, and molybdenite the curves are similar. With barium 


Fig. 3. Effect of a Vacuum on the Conductivity of: 7, Calcium sulphide; 7/, solid 
barium sulphide; ///, powdered barium sulphide. (a) Vacuum produced, (4) air 
admitted. Ordinates, deflections, abscissz, time in minutes, 


sulphide the rise on admitting air was somewhat abrupt ( Fig. 3, //). 
When the barium sulphide was powdered, the curve obtained re- 
sembled that for calclum sulphide ( Fig. 3, ///) as did also that for 
the solid silver iodide. Solid molybdenite appeared to give a rather 
sudden fall in conductivity of about 15 per cent. on producing the 
vacuum, and a corresponding rise on admitting air. 

The effect seemed to be more or less independent of the current. 
With CaS, when the E.M.F. was applied for a short time, at inter- 
vals of two minutes after exhaustion, the deflections corresponding 
to these applications kept growing smaller. After admitting air, 
they kept increasing. A vacuum now caused them to decrease 
and a readmission of air caused them to increase. 
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An E.M.F. was applied steadily to CaS until the deflection had 
reached a fairly steady value. The E.M.F. was then removed, and 
a vacuum produced. On reapplication of the E.M.F. the deflection 
was found to be only 20 per cent. of that just before exhaustion. 
When the conductivity was at its lowest, under the influence of a 
vacuum, jarring the bridge caused a rather feeble rise, but after the 
air had been readmitted and the conductivity had risen, jarring 
caused a considerable rise. 

Later experiments have indicated that the proportionate drop in 
deflection, after a one-minute application of the vacuum, is the same 
whether the E.M.F. has been applied for a very short time, imme- 
diately before producing the vacuum, or for five minutes. 


FURTHER OBSERVATIONS. 

The powders differed markedly as regards fineness. The calcium 
sulphide, barium fluoride, magnesium oxide, and the carbonates and 
sulphates were all very fine. The zinc sulphide was somewhat 
coarse, while the selenium was the coarsest of all. The other pow- 
ders were nearly, if not quite, as fine as those first mentioned. The 
resistances of the powders differed widely, but the copper disks could 
be used for all powders except zinc dust, which had to be used in 
a glass tube resembling a coherer. 

No polarization, or back E.M.F., could be observed at any time 
If the bridge — or system containing the powder — were short cir- 
cuited across the galvanometer, no swing followed. Only when 
the resistance of the powder was so extremely high that readings 
could not well be taken could a deflection be observed — the bridge 
then acting as a condenser. 

In the experiments described, copper electrodes were used, but 
no apparent change was produced when the electrodes were tin, 
zinc or platinum. 

The powdered sulphides gradually produced a thin, bluish film 
of sulphide on the copper electrodes. This did not influence the 
results, as a bridge, allowed to stand for three days after having 
been freshly prepared, showed the same phenomena as a bridge 
tried immediately after being made. 

It was found that after the conductivity of the calcium sulphide 
had fallen to a fairly steady value, under the influence of an E.M.F., 
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the disks with the powder between them could be disturbed in cer- 
tain ways without changing much the value of the conductivity at 
that time. When the current was removed for a moment and was 
then applied again, the conductivity was found to have risen, but it 
svon fell back to the steady value. If the upper copper disk were 
now lifted off very carefully, and then replaced, the conductivity 
was likewise found to have risen, but it soon fell back to the steady 
value. If, however, the powder itself were stirred or jarred, the 
conductivity, after the disturbance, was found to have risen much 
higher —the bridge behaving as if freshly prepared. 

The action of a powder, as regards the time-conductivity change, 
is not always the same. In many trials at different times, calcium 
sulphide and borax showed a decrease of conductivity with time. 
Once, however, for each powder, there was an exception, for no 
apparent reason. The rise with time in the case of calcium sul- 
phide was almost linear, the curve being slightly convex toward 
the time-axis, while the curve for the borax resembled the hyste- 
resis curve for iron, being S-shaped. These cases could not be 
repeated. 

A peculiar time-conductivity effect was noticed with barium sul- 
phide, which might be called a spontaneous rise of conductivity. 
It was found that when the barium sulphide was freshly powdered, 
the conductivity rose to three times its initial value in 3.5 minutes, 
the E.M.F. being applied only long enough to take readings. To 
investigate this further, a sample of freshly powdered barium sul- 
phide was divided into two parts; one was placed in a vacuum 
desiccator for twenty hours, and the other exposed to the air of the 
room for the same time. The conductivity of the former part was 
found to rise slowly after removal from the desiccator, increasing by 
one third in twenty minutes, while that of the latter decreased to 
about one half in two minutes —in each case the E.M.F. being 
applied only long enough to take readings. When the E.M.F. 
was applied steadily, the conductivity fell in both cases. To find 
whether or not the applications of the E.M.F. for a short time were 
important, a third experiment was performed. Two bridges, as 
nearly equal as possible, were made from freshly powdered barium 
sulphide. The conductivity of one, I., was observed immediately 
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after setting up —the other, II., not until five minutes later. After 
this the conductivity of both was observed at the same time for 
five-minute intervals for an hour. Bridge I. gave a somewhat 
greater conductivity at first, but both gave decreasing values (Fig. 
4). After the experiment represented by Fig. 4 was performed, the 
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Fig. 4. Spontaneous Rise in Conductivity, freshly powdered Barium Sulphide. 7, 
Bridge no. 1, ordinates, deflections ; //, Bridge no. 2, abscissz, time in minutes. 


powder was stirred, and the experiment was repeated. This time, 
the conductivity also rose, but to a much less extent. A later ex- 
periment has indicated that the conductivity may increase and remain 
large if the E.M.F. is not applied often. 

A nickel-silver coherer of the ordinary type was examined under 
various conditions to detect, if possible, a time-conductivity effect, 
but the results were not consistent. At times, however, the appli- 
cation of an E.M.F. caused a sudden decrease of conductivity, 
while its removal caused a gradual rise. 


ASYMMETRIC CONDUCTION. 


Certain cases in which conductivity in the direction in which the 
current is flowing is different from that in the reverse direction are 
common. Examples of these are the battery, in which a back 
E.M.F. exists, and the mercury vapor lamp, where a stream of 
charged particles tends to carry the current in one direction. 
There are also cases of contact between substances — usually point 
contact — where the same peculiarity of conductivity exists. It 
has been shown! that, while contacts of silicon and steel, carbon 
and steel, and aluminium and tellurium act as alternating-current 
rectifiers, they also exhibit unilateral conductivity with direct cur- 


1 Austin, Bull. Bur. Standards, 5, 1, p. 133, 1908. 
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rent. With the aluminium-tellurium contact, the effect with direct 
current may be observed even if ano. 20 aluminium wire is melted 
into a block of te!lurium. 

It is not necessary, however, that the contact should be that of 
different substances. It has been found’ that if a coherer formed 
by two copper wires touching each other is made to cohere in the 
ordinary manner, by a spark some distance away, the wires, if sep- 
arated and held apart a few moments, will not recohere when placed 
together again, but will do so if the current be reversed. The wires 
may be again separated and the action repeated several times. 
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Fig. 5. J, hepeaniede Behavior of Calcium Sulphide; //, Recovery of Calcium 
Sulphide after 1 hr. 22 min. exposure to the E.M.F. (a) Current reversed, (4) circuit 
opened. Ordinates, deflections, abscissz, time in minutes. 

The effects to be described resemble those just considered. It 
will be convenient to call A the conductivity in the direction of the 
initial current, and # the conductivity in the opposite direction. 

The relation between A and A for calcium sulphide is shown by 
Fig. 5. The current was kept constantly in the direction A, and 
brief reversals for 8 were made at intervals of two minutes, only 
long enough to take a reading. The current was then reversed, 
and it will be noticed that here A rose steadily while PZ fell. This 
illustrates the steady increase of conductivity in the direction oppo- 
site to that in which the current is flowing, characteristic of calcium 


1 Shaw and Garret, Phil. Mag., 8, p. 164. 
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sulphide. On opening the circuit, and taking readings for the con- 
ductivity at intervals of two minutes — applying the current for as 
short a time as possible — 4 fell, while 4 kept rather constant. It 
is to be noted that the deflection for 4 reached a steady value 
quickly. For #4, however, the initial throws grew larger and 
larger, falling rather rapidly to the same scale division each time. 
The resistance, then, zcreased in one direction, on opening the 
circuit. The specimen of powdered calcium sulphide used in this 
experiment had been previously subjected to reversals. 

Two fresh bridges of calcium sulphide were then prepared. One 
was exposed to the E.M.F. for 18 minutes. When the circuit was 
opened, 4 fell slightly, then rose, while B rose, as it had been 
doing before the E.M.F. was removed. The other bridge was 





Fig. 6. Asymmetricconduction in: /, Selenium ; //, solid silver iodide ; ///, molyb- 
denite. (a) Current reversed, (4) circuit opened. Ordinates, deflections, abscissex, 
time in minutes, 


exposed to the E.M.F. for 1 hour 22 minutes. Here the increase 
in resistance on opening the circuit was clearly marked ( Fig. 5, //). 

The behavior of coarsely powdered selenium was peculiar. At 
first the difference between A and # was not marked (Fig. 6, /), 
but on reversal of the current the conductivity in the direction of 
the current then flowing fell slightly, while that in the opposite 
direction rose considerably. The effect on opening the circuit was 
similar to that of calcium sulphide after a long exposure to the 
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E.M.F. The conductivities, on reversing, appeared to reach a 
steady state after a short time. For example, in one case the initial 
deflections were A, 15; 4, 16.8; an E.M.F. was applied, for 88 
hours, after which they were, A, 14.5; 3, 15, rising quickly to 22. 
After several reversals a steady state was obtained with A, 15; 
B, 22. 

The bridge of solid silver-iodide described above, showed the 
asymmetry markedly. The current fell in the initial direction and 
rose in the opposite direction. This was true on reversal, Fig. 6, 
/f. It should be noticed that with this substance the curves for A 
and # are of the same shape, one of them being inverted. With 
this substance, when a vacuum was produced, A dropped to one 
fourth its value, while 6 dropped to two fifths its value before the 
production of the vacuum. 

The mineral molybdenite behaved differently from the other sub- 
stances examined, in that A increased with the time, while B fell. 
After applying the E.M.F., the conductivities soon reached a steady 
state. The phenomenon was here complicated by the fact that a 
given state in the molybdenite tended to persist. In other words, 
with a perfectly fresh specimen, the E.M.F. produced a state which 
persisted for a considerable time —the conductivity for this initial 
direction being permanently above that in the reverse direction. 
The effects of subsequent reversals were superposed upon this 
permanent effect. The molybdenite showed the effect clearly after 
standing for a day. It could be removed from between the copper 
plates or electrodes, turned over and replaced, and would show the 
same effect if the conductivity were measured with a current in the 
same direction through the specimen as before. The state could be 
obliterated, however, if the specimen were split into laminz, and 
some of these were reversed. This state was, curiously, influenced 
by sparks from an induction coil, several feet away from the ap- 
paratus. After a spark had passed, the state was often reversed, and 
the conductivity, in general, was higher. Such sparks had no appar- 
ent influence on the other substances examined. Fig. 6, ///, shows 
the changes in conductivity of-a specimen of molybdenite, with a 
permanent state, after standing over night. It will be noticed that 


B tended to be permanently above A. In this experiment A and 
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B were in the same direction for a short time after applying the 
E.M.F. 

Asymmetry was found with a coherer of the ordinary form, made 
of nickel-silver filings. A state of asymmetry would appear more 
or less suddenly, remain rather constant, and persist even if rever- 
sals were made rapidly. The tendency seemed to be for A to 
remain steady and for B to rise, and B could stay permanently 


twice A. 

When reversals were made, in studying asymmetry, a certain 
sluggish action was noticed with selenium which was not shown 
with the other substances. When the current was flowing in the 
direction A, in selenium, and a steady deflection had been reached, 
for both 4 and 8, a reversal gave immediately the larger deflection 
for 4, but a reversal back to the original direction did not give the 
original deflection at once, but the deflection fell rather slowly from 
the higher. 

DEVIATION FROM Oum’s Law. 

The substances that were studied did not show a proportionality 
of current to E.M.F. In other words, the conductivity depended 
upon the applied E.M.F. 

As has been said, after the E.M.F. had been applied long enough 
to bring the conductivity to a constant value, it could be removed 
for a moment, and when reapplied the same conductivity would be 
shown. It was found that, if the E.M.F. were removed, and various 
other E.M.F.’s applied in rather rapid succession, readings could 
be taken of the deflections corresponding to these other E.M.F.’s, 
which would be perfectly definite and not depend upon the order in 
which they were applied, and that after this had been done, the 
original E.M.F. produced closely the original deflection. Hence, 
at any particular time, agreement with Ohm’s law could be tested. 

A calibration curve was first made for the galvanometer by apply- 
ing equal steps of voltage from across a slide-wire in series with a 
high resistance. The curve in which these increments were plotted 
against the corresponding deflections was a straight line. 

All the powders and the three solids examined showed deviation 
from Ohm’s law, except powered zinc perborate. Arranged in the 
order of magnitude of the effect; 2. ¢., the magnitude of the curva- 
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ture, they were, molybdenite (Fig. 7, /), calcium sulphide, solid 
barium sulphide (Fig. 7, 7), powdered barium sulphide, mercuric 
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Fig. 7. Deviation from Ohm’s Law of: /, Solid molybdenite; //, solid barium 
sulphide; ///, magnesium oxide; /V, strontium sulphide; V, solid silver iodide; 
VJ, zinc perborate. Ordinates, potential by storage cells, abscissx, deflection. 


oxide, zinc dust, magnesium oxide (Fig. 7, ///), borax, strontium 
sulphide (Fig. 7, /V), mercuric iodide, barium carbonate, barium 
sulphate, barium fluoride, zinc sulphide, solid silver iodide (Fig. 7, 
V ), calcium sulphate, litharge, mercurous oxide, and zinc perborate 
(Fig. 7, V7), which last gave no sensible deviation whatever. From 
the curves it is seen that those substances which deviate but slightly 
do so most strongly at low voltages. In these curves, the ordinates 
represent the number of storage cells used in obtaining the E.M.F. 

The deviation from Ohm’s law was present under all conditions 
except when great pressure was applied. A heavy press used for 
making pellets for a bomb calorimeter was used to furnish the pres- 
sure on a specimen of powdered calcium sulphide. As the pressure 
was increased, the curves approached a straight line. Figs. 8, /, 
// and /// show the relation between current and E.M.F. before 
applying pressure, with considerable pressure, and with the greatest 
possible pressure, respectively. It will be noticed that Fig. 8, //, 
resembles the curve for selenium. 

Even in a vacuum, the deviation from Ohm’s law was present. 
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The marked change in conductivity necessarily caused a change in 
the curvature, as is evident from Figs. 9, /, //, //7/. 
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Fig. 8. Effect of Pressure on the Deviation from Ohm’s Law in Calcium Sulphide: 
/, Before applying pressure; //, with considerable pressure; ///, with great pressure. 
Ordinates, potential, by storage cells, abscisse, deflection. 


The deviation did not disappear with current densities many times 
greater than those ordinarily used in the experiments. When the 
current density, as indicated by the shunted galvanometer, was 
increased to 300 times the usual value with calcium sulphide, 
requiring the application of 40 volts, Ohm’s law was not obeyed. 
When, however, 60 or 80 volts were applied, the current became 
much larger, and very irregular. 

No difference in the effect could be detected after the calcium 
sulphide had been placed on a glass plate in a closed vessel over 
water for a day, or in a vacuum desiccator over sulphuric acid. 

An electric discharge had a marked defect on the conductivity of 
zinc-dust, but did not change the deviation from Ohm’s law to any 
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Fig. 9. Effect of a Vacuum on the Deviation from Ohm’s Law in Calcium Sulphide : 
/, Before the vacuum; //, during the vacuum; ///, immediately after the vacuum. 
Ordinates, potential, by storage cells, abscissz, deflection. 


appreciable extent. As the conductivity of zinc-dust was better 
than that of the other powders used, it was possible to make a bridge 
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of it in the form of a tube coherer. The tube of the coherer was 
placed one inch from the spark gap of a small induction coil, parallel 
to the axis of the gap. It was found that sparks caused the con- 
ductivity of the zinc dust to increase about 100 fold, but, when 
steady readings were possible, the deviation was still present. After 
the sparking, the conductivity of the zinc-dust coherer fell, whether 
the current were on or off. 

A peculiarity of the deviation is that, with the same substance, 
the upper part of the #-—/ curve is more or less straight. Here, 
again, there seems to be a general tendency, which is followed 
except in a very few cases. 


The above phenomena, in general, may reasonably be considered 
as contact phenomena; 7. ¢., changes taking place at the junctures 
between particles. It is evidently so for powders, and is more or 
less so in the case of solid silver iodide, barium sulphide, and molyb- 
denite, if it be assumed that, in the first two bodies, there is point 
contact between the interlocking crystals, and, in the last, line con- 
tact between thin laminz. 

This being so, there should be some resemblance between the 
behavior of powders, and of the coherer. Such a resemblance can 
be seen by a consideration of what has been already found con- 
cerning coherer phenomena. 


THE CONDUCTIVITY OF THE COHERER. 
(a) Particle-coherers. 

It has been found ' that a film of some sort is necessary between 
the coherer particles. For example, silver filings cannot be used 
as a coherer, but can be, after exposure to hydrogen sulphide. If 
exposed too long, however, the efficiency falls off, the film becom- 
ing too thick. 

Sparks usually pass between the particles. Minute sparks have 
been observed microscopically even with particles surrounded by 
Canada balsam.* They have also been observed, between steel, 
across a gap of 0.006 mm., before a galvanometer indicated a cur- 


1A, Blondel, Ecl. Elect, 16, p. 316, 1898. 
2L. Arons, Ann. Phys. Chem., 63, 3, p. 567, 1898. 
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rent. Small particles were observed to fly across before a bridge 
formed.' 

Fusions take place at the contacts. This has been shown by 
producing coherence in a coherer of iron filings and subsequently 
removing the loose filings with a magnet, leaving the chains of 
particles ;? also, by producing coherence in a tube of brass filings, 
and observing that the resistance lengthwise of the tube was very 
much lower than that transversely.* 

As the pressure of particle on particle is increased, up to the pres- 
sure at which the particles come into actual metallic contact with 
each other, the coherer becomes more and more sensitive.* 

Lowering the temperature of the coherer produces no result ; 
raising the temperature produces decoherence. 

The particles of a coherer may produce effects by being in 
motion. Brass turnings between two highly charged plates, in oil, 
may execute an “electric dance,” carrying charges to and fro until 
the turnings finally become welded together as chains.° Besides 
this action, charges on adjacent particles must exert forces tending 
to draw the particles together. This has been given ® as an expla- 
nation of the deviation of the coherer from Ohm’s law. When a 
coherer is regularly tapped many times a second to produce deco- 
herence, definite deflections of a galvanometer may be had when 
various E.M.F.’s are applied. The curve giving the relation be- 
tween £ and / is not, however, a straight line, but is concave to- 
ward the axis of /, becoming approximately linear with increase of 
£. There is apparently no critical voltage. Eccles explained this 
on the supposition that the particles are free to move, are not circu- 
lar, and hence are acted upon by a couple, which tends to pull the 
long axis in line with the current. The A—/ curve showed initial 
curvature in all cases, the curvature persisting for the higher values 
of £ with non-sensitive coherers. (It is to be noted here that in 
the work described in the present paper all the powders and solids 

'J. Harden, Electrotech. Zeit., 21, p. 272, 1900. 

?T. Sundorph, Wied. Ann. 68, 3, p. 594, 1899. 

3F, Campanille and G. di Ciommo, Elect. Rev., IV., V., 36, p. 353, 1900. 
*P. Jegou, Ecl. Elect., 51, p. 82, 1907. 


>R. Malagoli, N. Cimento, 10, p. 279, 1899. 
6 Eccles, Electrician, 47, p. 682, p. 715, 1901. 

















ELECTRICAL CONDUCTIVITY OF POWDERS. 





No. 6.] 421 
examined except molybdenite were insensitive to Hertz waves.) 
The straight part of the curve, then, is reached when most of the 
particles have turned with their long axes in the direction of the 
current. This theory, however, seems somewhat disproved by the 
fact that the same curves have been obtained with nickel filings in 
kerosene ' where the resistance to turning ought to be much greater. 


(6) Ball-coherers. 

Where the contact is between particles of considerable size, fusion 
takes place on coherence, as has been shown ® by the fact that, when 
two copper wires cohere, it requires a small but measurable pull to 
separate them. 

The conductivity of the ball-coherer has been carefully studied,’ 
by means of a coherer, one of the balls of which was held by a 
spring and could be given a fine adjustment with a screw. Spark- 
ing and the attending complications was avoided. When both con- 
tacts were heated, the resistance of the coherer decreased, regaining 
the initial value on cooling. When one contact only was heated, 
the resistance was different in the two directions —the potential 
difference of the coherer being lower when the electricity flowed 
from the hotter to the colder side. For a considerable range, the 
resistance did not depend on the pressure between the balls. 

The deviation from Ohm’s law was peculiar. As the E.M.F. 
was slowly increased, the current increased, at first slowly, and then 
more and more rapidly, the E.M.F. approaching a constant value, 
the critical voltage, which was characteristic of each metal. Guthe 
and Trowbridge explained this by considering that as the E.M.F. 
becomes greater, the tension across the film at the contact increases, 
and ions break through and conduct. The more filled up this area 
of film is, the less readily the ions go over, thus creating a tendency 
for the area of contact to become greater and greater and the 
potential difference to become less and less with increasing current 
until the critical voltage is reached. As the potential does not vary 
through a considerable range of current, we cannot have to do with 
a time rate of heaping up of ions. It is a curious fact that the 


‘Huth, Phys. Zeit., 4, p. 594, 1903. 
2 Shaw and Garret, /oc. cit., p. 413. 
3 Guthe and Trowbridge, PHys. REV., I1, p. 22; 12, p. 245. 
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product of the critical voltage and the atomic weight is approxi- 
mately a constant. 

Guthe and Trowbridge explained negative action, or the increase 
of resistance of a coherer under increasing excitation, by considering 
that, when this action takes place, a small particle is lodged between 
two larger ones, from which position it is displaced — thus increas- 
ing the resistance — when the potential difference between the larger 
particles is increased. 

This was found experimentally to be so. Such negative action 
takes place with powdered lead dioxide and some of the soft metals. 
With feeble waves there is coherence, but with powerful waves there 
is a relapse to the state of high resistance. A former explanation 
of this was that the feeble waves produce bridges which are broken 
down by the powerful waves. 

Asymmetry has been shown by Shaw and Garret ' to exist for a 
coherer of two copper wires. It was suggested by the authors, that, 
as the current density at the points of contact is enormous, an 
orientation of the particles forming the bridge takes place, ‘ the 
particles being turned in such a way that they give maximum 
conduction.”’ 


ATTEMPT AT EXPLANATION OF THE CONDUCTIVITY OF POWDERS. 

From a consideration of what has been found for coherers, an 
attempt may now be made to explain the conductivity of powders 
and of such solids as were examined. The fall, or rise, of con- 
ductivity with time had best be considered in detail along with 
asymmetry. 

It seems improbable that the change of conductivity with time is 
due to a decohering action such as breaking of the chains of particles 
by heating produced at the junctions. Cooling a coherer produces 
no change, warming produces expansion and fracture of the junc- 
tions, hence decoherence. An experiment was performed to test 
this point with calcium sulphide. After a steady state of conduc- 
tivity had been reached, the bridge was cooled to the temperature of 
ice. No change took place. After the ice was removed the con- 
ductivity rose during the warming. This suggests a like action in 


1 Shaw and Garret, /oc. c#t., p. 413. 
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the two cases as a jarring produces a decrease of conductivity with 
the coherer, and an increase with calcium sulphide. Hence the 
time-conductivity effects would not seem to be due to a rearrange- 
ment of particles. 

Irregularities might be expected with powders, as with the 
coherer, ‘‘ negative action,’’ for example. The occasionally capri- 
cious action as regards the time-conductivity effect in powders ought 
not, then, to appear remarkable. 

Because the deviation from Ohm’s law is always in the same 
direction, it must be due to some condition which holds for all 
powders. It may be explained most easily by supposing that, as the 
E.M.F. increases, particles that were loose now take part in the con- 
duction either by movements, or by forming temporary chains of 
particles. The phenomenon may, however, not be so simple. 

Since the study of a coherer shows that a surface film is neces- 
sary, it seems safe to assume that, with all substances which show 
change of conductivity with time or deviation from Ohm's law, a 
surface film is also necessary. 

The spontaneous rise is difficult to understand unless it has to do 
with ionization on fresh surfaces that may be acted upon by the air, 
as suggested by the following consideration of asymmetry. 


ASYMMETRY. 


The phenomena connected with the asymmetric conduction of 
powders are very complex, and it is difficult to give any satis- 
factory explanation of them. Yet it is desirable to make some 
attempt at an explanation, however crude it may be. A theory 
which has been suggested to the writer by some of the views already 
advanced, has helped him to form some idea of what may take 
place in a powder that conducts asymmetrically. This theory may 
not be correct, and, even if it is found to be so, it will probably 
have to be modified greatly. 

Asymmetric conduction for powders and the coherer may be 
explained by considering conduction to take place by means of tons 
in motion. Suppose in Fig. 10, which represents a contact between 
particles, greatly magnified, A to be the part of the film between 
the particles. This film is necessary in order to have coherence 
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phenomena, as there must be something which separates the par- 
ticles, prevents fusion, and hence causes currents of great density at 
the points of contact. Suppose # and J’ to be the respective parts 
of the two particles that are most highly heated, C and C’” to be 
regions where the heating is less intense. 

It will be necessary to make certain assumptions. 





(a) Owing to the high temperatures at contacts between particles, 
due to great current density, there should be marked changes of the 
resistance to motion of electrons, or negative ions, which move 
across the contact. Hence assume the resistance to motion of the 
ions in the more heated regions, B and 4’, to be greater or less 
than in C and C’, depending on the material of the particles. 

(4) Also assume that the film A, though it may have considerable 
resistance, has small resistance, as a rule, compared with # and B’. 

This will help to explain asymmetrical conduction in which the 
conductivity in the direction of the current decreases with time, 
while that in the opposite direction steadily increases. If the hotter 
parts 4, 4’ impede the negative ions more, then, if the current 
flows from D to D’, the ions produced in C will move slower as 
they approach 4. Thus there will first be considerable movement 
of the ions until there is a kind of opposing assemblage in 4. Ions 
will still pass through and beyond #, but at 4’ they will be neutra- 
lized by positive charges,there, as B and A’ are charged oppositely, 
and will not pass to any extent into 4’ and C’. 

If now the current be reversed, the ions will move back a¢ a 
higher rate, since they are all now moving in the direction of de- 
creasing resistance, and this increased rate means a high initial cur- 
rent. Sucha state of asymmetry is found with calcium sulphide 
and solid silver iodide. 
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On the other hand, if the regions 4, B’, and A offer less resist- 
ance to the motion than C and C’, which are cooler, then, when a 
current is sent from D to D’, ions from C will cross B to A’, where 
they will be neutralized as before. In this case they pass through 
a region in which they move constantly faster, z. ¢., the current in- 
creases. A steady state is reached when the velocity at any point 
in the course remains the same. 

If the current be now reversed, the condition will differ from that 
which initially held, in that the ions in A will all be moving in the 
direction of increasing resistance, and hence the current, depending 
on the rate of motion, will be small. It will increase, however, if 
time is given for the ions in C’ to pass into 4’. This is the case 
of molybdenite. 

It is to be observed that this explanation of asymmetry takes 
care of the question of the change of conductivity with time. 

Since, when the powder is in a vacuum the asymmetry is still 
preserved nearly unchanged, the vacuum must modify the film 4, 
which is, perhaps, a kind of arc, possibly removing ions, and—to 
account for the slow rise of conductivity (see curve) — making sub- 
sequent passage of ions in A difficult, after this removal. 

This theory of asymmetry receives support from certain experi- 
mental facts. It has been shown by Streintz' that solid silver sul- 
phide when raised from — 200° to 220° falls in resistance from a 
very high value to 0.1 ohm. At the higher temperature a current 
of I or 2 amperes can be sent through a specimen for several hours 
without evidence of decomposition. There develops with time, 
however, an increasing resistance to the flow of the current, with- 
out any signs of electrolytic polarization being manifest. This may 
be due to a gathering of the ions in the poorly conducting sub- 
stance, which opposes the current even though no polarization ex- 
ists. The fact that the rate of decrease of resistance with tempera- 
ture for mercury and lead sulphides is about one fourth that for 
silver sulphide suggests that the positive atom has something to do 
with the opposition to motion. 

In the aluminium-tellurium rectifier already mentioned? it was 


1Streintz, Joc. cit., p. 407. 
? Austin, Joc. cit., p. 412. 
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observed that, when increasing alternating voltages are applied, the 
rectified current is first in the direction of the thermoelectric current 
due simply to heating the contact; then, with increasing voltage, 
the current becomes reversed. The contact here is not extremely 
small, and the results suggest that a certain amount of heating is 
necessary before the asymmetric condition becomes established. 

It has been shown,’ that, with a ball-coherer, the potential differ- 
ence across the coherer does not depend upon the pressure between 
the balls of which the coherer is made (within certain limits). In 
this case, the region 4, Fig. 10, must be varied, and hence, as was 
assumed, the resistance must be smaller than that of B or J’. 

There are, however, certain weak places in the theory. When 
the circuit is broken, the heated contacts should cool very rapidly, 
and the resistance should return promptly to its initial value. To 
account for the facts, it must be assumed, then, that the ions can 
diffuse, more and more slowly, in the solid substance of the cold 
particles, as the asymmetric condition changes for some time after 
opening the circuit—thereafter remaining constant for hours. 
The diffusion would, of course, be in such a direction as to equalize 
the distribution of the ions. 

It is difficult to account for the recoherence of two copper wires, 
unless there is initially a semi-solid film on the surface of the copper, 
and ions become more or less permanently entrapped in this film — 
which, in part, constitutes 2 and J’ in the figure — and only slowly 
diffuse therefrom. 

Guthe and Trowbridge’ in explaining the critical voltage of the 
ball-coherer considered that, as the current is increased, the area of 
contact remains constant until the current rises to such a value that 
a certain maximum number of ions cross the area. If the current 
be increased beyond this value, the effective area is increased by 


ions filling up the space exterior to the original area. The theory 
of asymmetry, then, explains critical voltage of the ball-coherer if 
it is considered that the region A spreads out on sufficient increase 
of current. 

With balls of different metals, the critical voltage is independent 
of the direction of the current, but may be less or greater than the 


1 Guthe and Trowbridge, /oc. ci¢., p. 421. 
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critical voltage of either. This is difficult to explain unless it is 
supposed that the atoms of the two metals cross the film and com- 
bine, during the transit, to form a single ion. 


SUMMARY. 


(2) In general, when an E.M.F. was applied to a powder, or to 
the solids AgI, BaS, and molybdenite, the conductivity fell, rapidly 
at first, finally approaching a limiting value. If, after the exposure 


to the E.M.F., the circuit were broken, the conductivity tended to 
regain its original value, rapidly at first, then more and more slowly. 

In some cases, ¢. g., with molybdenite, the conductivity rose on 
application of the E.M.F. In other, still fewer, cases, ¢. ¢., with 
BaF, the conductivity remained constant. 

These changes were occasionally (but rarely) reversed in an un- 
accountable way. 

With powdered BaS, the conductivity rose, apparently spon- 
taneously after the substance was powdered. 

(4) While the changes under (@) were taking place, the conduc- 
tivity was found to be changing in the direction opposite to that in 
which the current originally flowed, the rates of change of con- 
ductivity in the two directions being, in general, opposite at any 
time; but only in the case of solid AgI were they of the same 
magnitude. Solid molybdenite alone gave a large permanent dif- 
ference of conductivity. 

(c) With all the substances examined, except powderd zinc per- 
borate, the current did not increase in proportion to the E.M.F. ; 
?. ¢., Ohm’s law was not obeyed. The A—/ curve was always con- 
cave toward the /-axis, becoming linear in some cases, for the 
higher E.M.F.’s. This latter type of curve has already been found 
to hold for the coherer. 

The deviation from Ohm's law was present in all circumstances 
except under the application of great pressure. 

(2) The effect of a vacuum was much the same for all substances 
examined. When the vacuum was produced, the conductivity fell 
considerably ; rapidly at first, and then slowly. This fall took 
g, and whether the E.M.F. 


a 
had been applied for a long or a short time, preceding the vacuum. 


place with or without the current flowin 
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After the admission of air, the conductivity rose, in general, slowly 
and at a constant rate. 

(ec) All these effects were independent of the particular metal 
between which the substances were placed. Stirring or jarring a 
powder brought it more or less closely to the condition that held 
before the E.M.F. had been applied. 

Finally a theory depending on slow diffusion of ions in heated 
contacts between particles is offered in explanation of the above 
facts. 

WORCESTER POLYTECHNIC INSTITUTE, 
WORCESTER, MASS., 
March 15, 1909. 
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THE EFFECT OF TORSION ON THERMAL AND 
ELECTRICAL CONDUCTIVITY. 


By NEWLAND F. SMITH. 


s * saosin few measurements seem to have been made to show the 
effect of torsion upon the conductivity of metals. In 1899 
C. de Szily ' investigated the variation in the electrical resistance of 
a constantin wire 350 cm. in length when twisted through angles 
varying from oto 507. He showed that the resistance was in- 
creased by torsion, the increase being more rapid than the angle of 
twist. The maximum increase in resistance amounted to about 4 
parts in 10,000. No statement is made regarding the diameter of 
the wire. So far as the writer knows, no results have been pub- 
lished bearing upon the corresponding thermal problem. 

In a recent paper’ the writer has described a series of experi- 
ments to determine the changes produced by tension in the thermal 
and electrical conductivities of metal bars. The present paper 
deals with the corresponding effects produced by subjecting the 
bars to a twisting couple. The experimental method was in all re- 
spects the same as in the previous investigation and need not again 
be described in detail. The apparatus of the previous experiments 
required only slight modification to adapt it to its present purpose. 
The lever, by which tension was applied, was removed, and in its 
place was mounted a cast iron pulley 12 inches in diameter carry- 
ing a divided circle by means of which to measure the angle of 
twist. This pulley at its center engaged the friction clutch attached 
to the outer end of the bar to be twisted, while the clutch at the 
other end of the bar was kept from turning by clamping between 
suitable iron plates. Weights attached to flexible wires wrapped 
around the pulley produced the twisting couple. 

Proceeding as in the earlier experiments, the rod to be twisted 


1C. de Szily, C. R., 128, p. 927, 1899. 
?Puys. REv., Vol. XXVIII., No. 2, p. 107. 














430 N. F. SMITH. [Vor. XXVIII. 


and another rod of the same size and material were mounted side 
by side having one end of each clamped between heavy pieces of 
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Fig. 1. Steel Bar, Aig. 


copper which were maintained at a constant high temperature. By 
means of thermoelectric couples two points of equal temperature 





No. 6.] 








EFFECT OF TORSION ON CONDUCTIVITY. 


27 


70 





















































Fig. 3. Copper Bar, 2,,. 


Fig. 2. Iron Bar, &,,. 
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were located on the two bars about 50 cm. from the copper clamp. 
The one bar was then twisted while the condition of the other re- 
mained unchanged. When the steady state was again reached a 





new point was found on the twisted bar whose temperature was the 
same as that of the point previously located on the other bar. 


FEB. 22 SEB. 24 FEB. 2S | AEG 2E 














ANGLE 





CO / 
Fig. 4. Brass Bar, A),. 


Proceeding in this way each bar tested was several times twisted 
up to or beyond the elastic limit and the torque then diminished 
step by step back to zero. The position of the thermoelectric 
couple on the twisted bar was determined by a cathetometer 
mounted horizontally, parallel to the bar. Its position was read in 
each case with reference to a fixed scratch on the bar, thus avoid- 
ing any error due toa change in the relative position of bar and 
cathetometer. 

Provision was made for comparing at each step the electrical 
resistance of a definite portion of the twisted bar with that of a 
similar portion of the other bar. The conditions were, of course, 
extremely unfavorable for an accurate comparison of electrical re- 
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sistances. The total resistance of the bars compared was only a 
few ten-thousandths of an ohm and the fact that the two ends of the 
bars were at widely different temperatures added another difficulty 
to the problem. Nevertheless, it seemed desirable to measure as 





accurately as possible the changes in electrical conductivity which 
might be expected to accompany any changes in thermal conduc- 
tivity due to torsion. The method employed was the same as that 
used in the previous experiments. 

All the bars used were round, five sixteenths of an inch in diam- 
eter and 4% feet long. 

RESULTS. 

Observations were made on two bars of soft steel, two of iron, 
two of copper and one of brass. The observations on each bar 
were repeated four or more times on different days. In each case 
the results obtained from observations on different bars of the same 
material were substantially the same. Hence the results for only 





one bar of each material used are recorded in the following tables. 
The largest variation in electrical resistance was found in the bars 
of soft steel. In all the other materials employed this change was 
less than one part in two thousand and was less than the experi- 
mental error. Hence no figures are recorded for the change in the 
electrical conductivity of iron, copper and brass. In the tables 7 is 
used to designate the torque; @, the angle of twist ; /, the distance 
from the copper clutch to the thermo-electric couple on the twisted 
bar; A, the resistance on the standard resistance box (proportional 
to that of the twisted bar); 4, the ratio of the thermal conductivity 
of the bar to its conductivity before being twisted (proportional to 
/*); x, the corresponding ratio of electrical conductivities. To 
express the torque in gram-centimeter units, the numbers recorded 
under 7 must be multiplied by 7,670. 

The variations in the thermal conductivity of the four bars are 
shown in the accompanying curves. 
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TABLE I. 
Steel Bar, Byg. 
Nov. 22. Tem. 214°. 
7 T + 7670 — ' S e =a Z R in K 7 _— me _ 
0 0° 48.24 cm 1.0000 
32 42 48.16 Resistance .9970 
64 87 47.82 not .9828 
82 107 47.33 measured. .9626 
0 2 47.60 9738 = 
Dec. 11. Tem. 214°. 
0 2 47.69 Resistance .9772 
32 42 47.40 not .9656 
64 88 46.97 eet .9480 
0 3 47.47 .9682 
Dec. 16. Tem. 214°. 
0 2 47.86 2104.3 .9841 1.0000 
32 41 47.58 2106.1 .9729 .9992 
64 86 47.44 2106.9 .9673 .9988 
82 lll 47.15 2108.0 .9553 .9982 
40 76 47.41 2106.0 .9661 .9992 
0 4 47.72, | 205.8 9785 9993 
Dec. 17. Tem. 214°. 
0 3 47.80 .9819 
32 40 47.32 Resistance .9622 
64 89 47.14 not .9549 
82 116 47.07 measured. .9519 
40 83 47.28 9605 
Jan. 7. Tem. 213°. 
0 6 47.94 2104.9 .9875 .9997 
32 43 47.44 2105.2 .9673 .9996 
64 90 47.03 2105.0 .9501 .9997 
82 116 46.74 2106.8 .9390 .9988 
0 6 | 47.30 ~——-2104.2, | =~ .9613, 1.0000 
Jan. 9. Tem, 213°. 
0 5 48.07 2104.4 .9927 1.0000 
32 43 47.47 2105.0 .9686 .9997 
64 90 47.31 2106.0 .9618 .9992 
82 116 46.94 2106.8 .9472 .9988 
42 85 47.21 2104.6 .9579 .9999 


47.73 2104.6 9789 
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Jan. 13. Tem. 213°. 



































47.82 
47.29 2105.7 .9993 
46.89 2106.8 
TABLE II. 
Iron Bar, B,,. 
March 24. Tem. 217°. 
Z K 
49.48 cm. 1.0000 
49.36 .9951 
49.21 .9890 
49.41 .9971 
March 25. Tem. 217°. 
- 49.70 1.0090 
49.38 .9959 
49.08 -9841 
49.25 .9910 
March 26. Tem. 215°. 
| 49.69 1.0086 
49.38 .9959 
49.13 .9861 
49.20 -9890 
49.54 1.0025 
March 27. Tem. 214°. 
| 49.80 1.0131 
49.59 1.0045 
49.19 .9882 
49.46 .9992 
49.62 1.0055 
TaBL_e III. 
Copper Bar, By 
March 4. Tem. 194°, 
. ; ; Z K 
52.76 cm. 1.0000 
52.62 -9950 
52.11 .9756 
52.22 .9799 
52.38 


-9856 
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March 5. Tem. 194°. 
0 72 52.31 
12 107 52.16 
22 194 51.78 
12 178 51.88 
0 142 51.90 
i March 10. Tem. 194°. 
0 141 51.99 
12 169 51.92 
24 245 51.58 
12 227 51.79 
0 190 51.83 
March 11. ‘ Tem. 194°. 
0 189 51.92 
12 217 51.79 
24 257 51.74 
TABLE IV. 
Brass Bar, By;. 
Feb, 22. Tem. 204°. 
7+ 7670 , at to) _—_ Z 
0 0° 48.90 cm. 
16 47 48.49 
32 118 47.88 
16 107 47.88 
0 25 48.32 
Feb. 24. Tem. 204°. 
25 48.61 
16 63 48.15 
32 119 47.88 
16 90 47.99 
0 - 29 _ 48.41 
; Feb. 25. Tem. 204°. 
0 29 48.53 
16 70 48.15 
32 129 47.83 
16 104 47.91 
a ae 32 See, Meas 48.18 — — 
rs _ Feb. 28. Tem. 204°. 
0 32 48.48 
16 76 | 48.06 
32 126 47.88 
16 106 48.04 


—— sae 





48.42 
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-9831 
-9774 
-9633 
-9669 
-9680 


.9713 
-9687 
-9558 
-9637 
-9651 


-9687 
-9637 
-9619 


1.0000 
-9874 
-9626 
-9626 
-9807 


-9924 
-9740 
-9626 
-9672 
-9844 





-9891 
-9740 
-9609 
-9639 
-9748 


.9874 
-9698 
-9626 
-9694 
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CONCLUSIONS. 


It will be observed that in all cases the thermal conductivity is 
diminished by torsion ; that the recovery is not complete when the 
torque is removed, even though no permanent twist has been pro- 
duced ; that the thermal conductivity tends to regain its original 
value after a period of rest ; that the change is greatest in the case 
of steel where the torque applied is the greatest and where also the 
change in electrical conductivity is most marked. The maximum 
change produced at any one time in the thermal conductivity of 
steel is from 3 to 5 percent. The corresponding change in its elec- 
trical conductivity is from .1 to .2 percent. The maximum changes 
produced in the thermal conductivity of iron, copper and brass are 
from I to 3 per cent. while the corresponding changes in their elec- 
trical conductivity are less than one twentieth of one per cent. 

It seems probable that a linear relation exists between the thermal 
conductivity and the angle of twist. This is brought out most 
clearly in the curves for copper where the experimental points fall 
almost exactly on parallel straight lines. A similar relation is rather 
closely approximated in most of the curves for the other metals. 
As the strain in a bar approached the elastic limit, the twist ceased 
to be uniformly distributed but took place largely at one point while 
the torsion in the rest of the bar may have actually diminished. An 
attempt was always made to increase the torsion just as long as the 
twist was uniformly distributed through the bar. It was not always 
possible to tell when this limiting condition was reached. The 
apparent variation in the thermal conductivity of the same bar under 
the same conditions of strain on different days is probably due in 
part to a change in the radiating power of its surface. 

In all of these experiments the torque acted in the same direction. 
It would be a matter of interest to observe the effect of twisting a 
bar first in one direction and thenin the other. From these experi- 
ments and those of the preceding paper it is apparent that any theory 
which fully explains the processes of thermal and electrical metallic 
conduction must account for a series of changes in thermal con- 
ductivity due to mechanical strains whose magnitude is far greater 
than that of the corresponding changes in electrical conductivity. 


OLIVET COLLEGE, April, 1909. 
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THE DISTRIBUTION OF ENERGY IN THE SPECTRUM 
OF THE TUNGSTEN FILAMENT. 


By R. E. NySWANDER. 


HE increased luminous efficiency of metallic filament lamps 
over the carbon incandescent lamp, has led to the investiga- 
tion of the source of this increased energy, whether it is due in part 
to greater selective radiations in the visible spectrum or to the in- 
creased temperature at which it is normally burned. In fact, either 
of these causes alone would be sufficient to account for the increased 
efficiency, or it might be contributed to the combined effects of 
both. All radiating bodies at high temperatures follow approxi- 
mately, the general laws of radiation, and since radiant energy in 
the visible spectrum is small, it would not be expected to find sub- 
stances of unusually large emissivity in this region. 

A theoretical consideration of black body radiations shows that 
the radiant efficiency varies with the temperature of the radiator, 
and from experimental investigations, this is in general true for all 
sources of radiation. Grau' found for the luminosity curves of 
carbon and tungsten, that with increasing temperatures the curves 
approach each other and probably intersect between 1800° and 
1850° C. With lower temperatures the watts per candle-power 
are somewhat less for the metallic filament lamps than for the car- 
bon filament lamps. For temperatures above this point of inter- 
section the efficiency of the carbon filament lamp would even be 
higher than the tungsten lamps. It was concluded that the higher 
economy of the tungsten lamps is due to the higher temperature 
of its flament. The normal burning temperature of the tungsten 
lamp is about 1850° C. while for the carbon lamp it is about 1660° 
C. At these temperatures the tungsten filament is three times as 
bright as a carbon filament, so that the increased efficiency was 
readily accounted for. Waidner and Burgess’ concluded that a 


1Elek. und Masch., 25, 295, 1907. 
2Electrical World, 48, 917, 1906. 
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3 
considerable part of the gain in efficiency in the metal filament 
over the carbon filament is due to the higher working temperature 
at which it may be operated. 

In the present investigation the distribution of energy in the 
spectrum of the tungsten filament, for various temperatures, was 
determined by means of a reflecting spectrometer, and radiometer. 





7 
‘ 
| 
' 


~ 
7 





The spectrometer and radiometer have been described by the 
author’ in a previous paper. The arrangement of apparatus is 
shown in Fig. 1. A fluorite prism of clear quality and free from 
flaws was at hand. Its refracting angle measured 38° 59’ 29’ and 


Fig. 1. 


its faces were 2.5 xX 3 cm. 

The lamp Z was one of the early commercial types, but furnished 
with a side tube with a ground face upon which was sealed a fluo- 
rite window, and with an exhaustion tube. Since the prism table 
of the spectrometer was not provided with a graduated circle it was 
necessary to use the method of constant angle of emergence. The 
lamp was rigidly attached to the collimating arm of the spectrom- 


1 Puys. REV., 28, 293, 1909. 


















440 R. E. NYSWANDER. (VoL. XXVIII. 


eter, and adjusted so that the filament was parallel to the slit, and 
in line with the center of the concave mirror 8. The same filament 
was used throughout the work, and all radiations except those from 
this single filament were screened. 

The dispersion curve of the fluorite prism was computed from the 
values of the indices of refraction given by Paschen.' The angle of 
emergence was the angle of minimum deviation of the sodium lines. 
The prism was accurately adjusted for minimum deviation by use of 
the telescope 7’ which was placed in line with the deviated rays 
from the prism. 

The spectrometer and radiometer were completely covered by 
screens to protect them from external radiations. 

No shutter was used, but deflections were produced by turning 
on the light, with a switch at the side of the observer, just long 
enough to produce a deflection of the vanes. The zero was 
determined by taking the mean of the scale readings before and 
after the exposure. The scale 7 was placed 120 cm. from the 
radiometer X. The sensibility of the radiometer, as previously de- 
fined by the author,* was 12.5. Deflections were read to .o1 cm. 

No trouble from air leaks was experienced, so that a complete 
radiation curve could be obtained under constant conditions. 

The current source was supplied by a 110-volt dirrect-current 
circuit of excellent voltage regulation, yet, to insure greater uni- 
formity, a storage battery was connected in multiple with the 
dynamo circuit through a tin resistance. The lamp current was 
taken from points on the tin resistance between the terminals of 
the storage battery. 

RESULTS. 


The series of curves in Fig. 2 were obtained for values of / 


‘ 
max 


as 
follows: 1, 2.3432, 1.933, 1.74; 4, 1.614; 5, 1.524;6, 1.475 4; 
7, 1.425 #4; with corresponding black-body absolute temperatures 
of 1278°, 1547°, 1729°, 1826°, 1934°, 1994°, 2063°, respectively. 
All curves have been corrected for width of slit by the following 
equation of Paschen.* 

(1) Of 2) = Fy — Fie + Pp Fae) — $+ 

‘Ann. der Phys., 56, 765, 1895. 


2 Loe. cit, 
3 Ann. der Phys., 60, 712, 1897. 
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The width of both the spectrometer and radiometer slits was .3 
mm. equivalent to 3’ of arc on the spectrometer circle. This width 
(s-s, Fig. 2) was sufficiently small that it was not necessary to carry 
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Fig. 2. 


the correction further than the second term of equation (1), even in 
the most intense part of the spectrum. Beyond 1.8 » the correction 
was so small that the first term only was used. 
Assuming Wien’s law 
i 
Eati * 
to hold for all values of the radiating constant, we may by the 
method of Paschen' determine an approximate mean value of a for 
1 Ann. der Phys., 58, 487; 60, 664, 1897. 
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any emission curve, independent of the temperature of the radiator. 
For the tungsten filament a value of the radiation constant 4 = 6.53 
was obtained from curve 6, using the mean of six independent deter- 
minations. With this value of aa normal radiation curve for tungsten 
was constructed from Wien’s law, and likewise a black-body curve 
was computed, and the three, all of which have equal values of 


10 


é 


0 2 3 fF 
Fig. 3. 





i... and £,,, have been plotted together for comparison in Fig. 3. 
The deviations of the actual tungsten curve from the normal radiator 
a, will indicate the radiation peculiarities of the tungsten filament. 
This deviation is prominent in the visible spectrum where the tung- 
sten curve shows strong selective radiation. At .5 ~ the tungsten 
filament radiates less than normal, but at I y it radiates like a black- 
body of the same value of 4... In the regions 1.3 # and 1.5 » to 
3 2 tungsten shows less than normal radiation, however, beyond 3 
it radiates more than curve a, and at 4.6 and 5 u the value of a is 
nearly equal to that of a black body. The characteristics of curve 


6 are present in the curves of Fig. 2, except those of small intensity. 


LuMINOUS EFFICIENCY. 


From Wien’s law we may write fora complete radiator 


2 Ag a 
(2) f d] = an f Ae ATA) 
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which can readily be integrated by the method of integration by 


parts, if a simple substitution z = — c,/AT be made, and finally re- 
duces to 

Jo af eS ( c, a? . Oe ) As 
3 WN ele Gpteati7+9) 


If for c, its value 54,,,.7 be substituted in (3) the resulting equa- 
tion (4) becomes independent of temperature. 
5A 3}3 232 Ae 
Jo _% . es ~(? Amax Ammax 5Amax ) 7 
(4) Fe —_ syi—[¢ a Ta + 3 7? + 6 yi + 6 he . 
When /, = 0 and 4, = o we have a value for the total energy of 
radiation /= a7‘ which is Stefan’s law in which the constant 
a= 6c, /c}. 
Assuming the visible spectrum to lie between the limits 2, = .4 4 


and A, = .76 yw, the radiant efficiency of a black body may be ex- 
pressed as follows : 


76 ° 5Amax 
tie eae F 
ac . a 

Au — 

a 


5Amax 


ers & 


(5) Rad. eff. = 


% 





A MAX, @ “2 LF 46 4h 
TASS=2450 2/00 836 /633 
Fig. 4. 


In Fig. 4 is shown the luminous efficiency of a complete radiator 
for varying values of A4,,. and corresponding absolute temper- 
atures. The luminous efficiencies of the tungsten curves 5, 6 
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and 7 are 1.5, 1.4 and 2.0 per cent. respectively, while the radiant 
efficiencies of a black body for corresponding values of 4,,. are 
approximately 1.03, 1.28, 1.65 per cent. The efficiency of curve 
a, Fig. 3, is only 0.85 per cent. Since this curve and no. 6 of the 
tungsten have practically equal areas, for this value of A,,. the 
selective radiation of the tungsten filament in the visible spectrum 
is more than 1.6 times normal. The radiant efficiencies as given 
or the tungsten filament have been integrated directly from the 
curves, correcting only for the bands at 2.7 wand 4.26. These 
bands agree in position with the atmospheric absorption bands of 
CO, gas, and a smooth curve was substituted across them in meas- 
uring the areas with the planimeter. The curves were extrapo- 
lated from .5 4 to .4 u. 

The method of determining the radiant efficiency from the ratio 
of the luminous area to the total area is subject to various criti- 
cisms, not only because of errors in slit width corrections but also 
from selective absorption of the prism, and windows of the lamp and 
radiometer, and from variation in the reflecting power of the spec- 
trometer mirrors for various wave-lengths. The correction for slit 
width undergoes very rapid changes in the visible region of the 
spectrum and possible errors may be introduced. In this work no 
correction was made for absorption of the rock-salt windows of the 
radiometer or for the absorption of the fluorite prism or the fluorite 
window of the lamp. Nichols and Coblentz' found that rock-salt 
was much less transparent for shorter than for longer wave-lengths. 
Mendenhall? added a correction of 7.8 per cent. of the observed 
efficiency to correct for the absorption of the fluorite window. The 
reflecting power of the silver mirrors is also less for short waves 
than for the longer wave-lengths. Paschen* has shown that this 
difference is greater after the mirror, through age, has taken on a 
brownish tint. The mirrors of the spectrometer used by the author 
were several years old and somewhat discolored. 

Due to the possible corrections which might be applied the 
recorded values of efficiencies of the tungsten lamp are somewhat 


1 Puys. REV., 17, 270, 1903. 
2 Puys. REV., 20, 162, 1905. 
3 Ann. der Phys., 309, 305, I90I. 
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toosmall. Yet, these values cannot be compared directly with the 
earlier determination of luminous efficiencies, since these earlier 
methods were subject to large errors due to incompleteness of 
absorption of the absorbing cells. According to Angstrém ! these 
earlier values of radiant efficiencies are from two to three times too 
high. 


PuHysIcAL LABORATORY, 
CORNELL UNIVERSITY, 
August, 1908. 


! Astrophys. Jour., 15, 226, 1902. 
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A SIMPLE INTERFEROMETER FOR SHOWING THE 
ZEEMAN EFFECT. 


By A. H. PFUND. 


|* order to show the Zeeman effect and the structure of spectral 

lines, instruments of high resolving power are necessary. Such 
instruments (echelon, grating, Fabry and Perot interferometer, etc.) 
are rather expensive and sometimes difficult to adjust — hence the 
above-mentioned phenomena are not often seen by students in 
optics. Several years ago I made an extremely simple and inex- 
pensive interferometer of high resolving power for lecture-room 
demonstrations. At the time no thought was given to publishing 
an article on the subject and later it was found that Lummer' had 
already constructed an instrument of this type. However, at a re- 
cent meeting of the Physical Society, the Zeeman effect was shown 
by means of this instrument and since then a considerable number 
of letters, asking for information, has been received. Feeling that 
there was a real demand for an interferometer which at the same 
time was efficient, inexpensive and always in adjustment, I have 
thought it worth while to present a note on the subject. 

The instrument is, in reality, a simplified Fabry and Perot inter- 
ferometer. Its construction may, perhaps, best be understood from 
Fig. 1 in which a is a wooden block with a square opening in the 
center to receive the optical system. The glass plate c is optically 
plane-parallel and about 3 mm. thick.’ It is silvered on both sides, 
so as to be still slightly transparent, and is protected by the plates 
6, and 6, which are cemented on with Canada balsam. While these 
two cover plates need not be optically perfect, they ought to be 
made of good crystal-plate glass. The efficiency of the instrument 
depends largely upon the thickness of the silver films on plate c — 
and the best thickness can be found only by trial. A good method 

1Lummer, Arch. Néerl. (2), 6, p. 773, 1901. 


2Such a plate may be obtained from the optical works of Mr. O. L, Petitdidier or 
Mr. J. A. Brashear. 
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of procedure is to place the plate c and two other (trial) plates in a 
bowl-shaped vessel and to silver all three by means of the Rochelle 
salt silvering solution to such a degree that considerably more than 
50 per cent. of the light is reflected from a single surface. Next 
the silver is removed from one of the two surfaces of each of the 
trial plates and the remaining silvered surfaces are polished by a 
process tobe described shortly. Upon placing these two reflecting 





















































Front View Section 
a a 
F & 
¢ 
S<«<a/e 
$ . . ao 4 ome 
Fig. 1. 


surfaces together in such a way as to enclose a wedge-shaped film 
of air, an ordinary gas flame is viewed through the system anda 
series of images, due to multiple reflections, are seen. The silver 
films are of the proper thickness when the number of images is 18 
or more. Since the plate c has the same thickness of coating as 
the two trial plates, it is only necessary to polish its two silver 
films and to attach the plates 4, and 46,. Upon mounting this sys- 
tem of plates in the block a the interferometer is completed. 

In order to polish the films I have found it advisable to dry 
them first for about 15 minutes in an air-bath heated to 40° or 50° 
C. The first stage of polishing is carried out by means of a toilet 
‘“‘powder-puff”’ covered with optical rouge. The ivory handle of 
the puff is gripped in the chuck of a drill-press or lathe and the 
arrangement is used as a buffing-wheel. This procedure seems to 
harden the film as it is found that further polishing may be carried 
out by means of a piece of very smooth kid leather, covered with 
rouge. Given a film of proper thickness, the process of polishing 
increases the reflecting power to such an extent that the number of 
multiple reflections is about doubled. 
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As a source of light, the luminous vapors of mercury, helium 
and cadmium have been found very serviceable. A helium tube 
(containing the gas under a pressure of about 2 mm.) is very con- 
venient for showing the Zeeman effect ; on the other hand, mercury 
and cadmium lamps serve well in a study of the structure of spec- 
tral lines. The Cooper-Hewitt lamp serves excellently as a source 
of mercury lines. If such a lamp is not available, it is an easy 
matter to construct one according to the designs given by Rentsch- 
ler' and the writer.?- In order to isolate any desired line by means 
of color-screens, it is only necessary to consult the “ Atlas of Ab- 
sorption Spectra ’’ * in order to find a suitable combination of absorb- 
ing substances. In order to isolate the green mercury line (A= 
5461) I have found it convenient to use a mixture of nitrosodi- 
methyl aniline (to cut out the blue lines) and neodymium nitrate 
(to cut out the yellow lines). 











Lf L P 
| Re T 
el a 
M 
—_—— 
Fig. 2. 


The arrangement of apparatus for showing the Zeeman effect is 
given in Fig. 2 where /7/ is a helium tube placed between the poles 
of an electro-magnet JZ By means of a lens JZ, the light, after 
passing through the Nicol prism J, is concentrated on the inter- 
ferometer P which is rigidly attached to a telescope or opera glass 
T (focused on infinity). The magnifying power of the telescope 
ought to be from 2 to 4 diameters. To show the effect, a strength 
of field of 5,000 Gauss isample. It is advisable to insert a rheostat 
into the circuit exciting the magnet and to increase the current 
gradually until the effect is at its best. 

1 Rentschler, Astrophys. Jour., 5, p. 353, 1908. 


2 Pfund, Astrophys. Jour., 4, p. 296, 1908. 
3Uhler and Wood, Carnegie Institution (1907). 
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Although the instrument possesses the obvious disadvantage of 
a fixed resolving power, it nevertheless justifies its existence by be- 
ing efficient, inexpensive and always in adjustment. 


JoHNs HopkKINs UNIVFRSITY, 
March, 1909. 
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PROCEEDINGS 


OF THE 
AMERICAN PHYSICAL SOCIETY. 


MINUTES OF THE FortTy-SEVENTH MEETING. 


HE spring meeting of the Physical Society was held in Washington, 
D. C., on Monday, April 26, and Tuesday, April 27, 1909. 

On Monday, April 26, the sessions were held at the Cosmos Club. 

The Tuesday sessions were held at the Bureau of Standards. 

Vice-President W. F. Magie presided. 

On the recommendation of the Council Article I. of the by-laws was 
suspended and Professor Max Planck, of Berlin, was elected an honorary 
member of the society. 

The following papers were presented : 

The Exponent of Gas Radiation. W. J. HUMPHREYs. 

The Distribution of Gases in the Atmosphere. W. J. HUMPHREYs. 

Note on the Rate of Movement, Depth and Intensity of Storms. Wm. 
R. Bvatr. 

The Variation of Temperature with Altitude in the Lower Stratum of 
the Atmosphere and its Relation to Surface Air Pressure and other Phe- 
nomena. Wm. R. Barr. 

Stationary Clouds to the Leeward of Hill and Mountain Ranges. Wm. 
R. Brarr and L. C. Ross. 

On the Earth’s Magnetic Variations. (By title.) L. A. Bauer. 

The Effect of Temperature and Pressure on Rigidity and Viscosity. 
(By title.) A. A. MICHELSON. 

Applications of Probability to Mechanics and Thermodynamic Anal- 
ogies for a Simple Dynamical System. (By title.) Epwin B. WILson. 

The Sublimation of Ice. H. T. Barnes and W. S. Viponp. 

Specific Heats at High Temperatures. W. P. Wuire. 

Calorimetric Accuracy. W. P. WHITE. 

The Critical Density of Water. Harvey N. Davis. 

Re-determination of the Radiation Constants of a Black Body. (By 
title.) W. W. CosLenrz. 

On the Scale of the Platinum Thermometer. C. W. WarpNerR and 


G. K. BuRGEss. 
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The Specific Heats of Gases at Low Temperatures. J. S. SHEARER. 
The Retardation of Alpha Rays by Metals and Gases. T. S. TAyLor. 
On a Rays from Radium B. Howarp L. BRONsOoN. 

The Kinetic Energy of the Positive Ions from Hot Bodies. F. C. 
BROWN. 

The Absence of Photoelectric Fatigue at Very High Vacua. (By title.) 
R. A. MILLIKAN and G. WINCHESTER. 

Preliminary Note on the Variation with Speed in the Mass of an Elec- 
tron. C. A. PRocror. 

The Rotatory Power of Limonene at Low Temperatures. F. A. 
MOoLpy. 

The Efficiency of Light of Different Wave-Lengths in Exciting Fluo- 
rescence. E,. L. NicHo“s and ERNEST MERRITT. 

The Electrical and Optical Properties of Metallic Selenium. A. H. 
PFUND. 

The Effect of Temperature upon the Absorption Spectra of Various 
Salts in Solution. W. W. Srronc. 

An Improved Form of the Duddell Singing Arc. (By title.) G. W. 
NASMYTH. 

On the Reproducibility of the Clark and Weston Cells, and a Recalcu- 
lation of the Mechanical Equivalent of Heat. H. L. Bronson and A. 
N. SHAW. 

The Determination of the Constants of Instrument Transformers. P. 
G. Acnew and T. T. Fitcu. 

The Daylight Efficiency of Artificial Light Sources. HERBERT E. 
IVEs, 

Incandescent Electric Lamps as Secondary Photometric Standards. 
E, B. Rosa and G. W. MippLeKaurr. 

Note on the New Value of the Unit of Candlepower of the Bureau of 
Standards. E. B. Rosa. 

Methods and Errors in Magnetic Measurements. CHARLES W. 
BuRROws. 

On the Absolute Measurement of Current by a New Current Balance. 
E. B. Rosa and N. E. Dorsey. 

Preliminary Report on the Alternating Current Method of Measuring 
Resistance in Absolute Measure. E. B. Rosa and F. W. GRoveER. 

An Experimental Determination of the Resolving Power Constant of 
Lenses. P. G. Nurrinc. 

The Natural Scale of Pure Color. (By title.) P. G. NuTtine. 

An Optical System of Obtaining Monochromatic Light. (By title.) 
FREDERICK BATEs. 

The Change of Electrical Resistance with Temperature in the case of 
Palladium Charged with Hydrogen. E. C. CRITTENDEN. 
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The Resistance of the Alkali Metals at Low Temperatures. R. C. 
RODGERS. 
Achromatism of Interference. C. W. CHAMBERLAIN. 
ERNEST MERRITT, 
Secretary. 


On a Rays FROM Rapium B.! 
By Howarp L. BRONSON. 


“OME time ago the writer,’ investigated the question as to whether 

or not radium B gave out a particles. The conclusion reached was 

that no a particles were shot off with sufficient velocity to ionize the air. 

Recently the question has again been raised by Frederic A. Harvey,’ who 

concludes that a large part of the ionization produced by the active de- 

posit from radium is due to a particles from radium B, whose ionizing 
range in air lies between 2.6 and 3.0 mm. 

The method employed by Harvey was a modification of that used by 
Bragg and Kleeman.* The writer has repeated this experiment but has 
been unable to get any indication whatever of the presence of such short 
range a particles as Harvey describes. The method at best, however, is 
not well adapted for investigating very short range a particles. I have, 
therefore, tried a new method which avoids most of the difficulties inhe- 
rent in the previous one. The principle of the method is very simple 
and avoids the necessity of changing the distance between the testing 
vessel and the active material. Instead the range of the a particles is 
gradually increased by reducing the pressure of the air. 

In the arrangement of the apparatus used by the writer, the two plates of 
the testing vessel were about 5 mm. apart, and the lower one, which was 
of wire gauze, was about 5 mm. above the active wire. Now, if none of 
the a particles present had a range of less than 10 mm. in air at atmos- 
pheric pressure, then the ionization current should vary as the pressure, 
If, however, radium B gives out a particles which have a range of 2.5 
mm., and if they produce the same number of ions per cm. of path as the 
a particles from radium C, then, after the pressure is reduced to half an 
atmosphere, the short range a particles will begin to enter the testing 
vessel, and the ionization will remain constant until the pressure has fallen 
to a quarter of an atmosphere. At this point the path of the a particles 
will extend through the entire depth of the testing vessel, and as the 
pressure is still further reduced, the ionization again becomes propor- 
tional to the pressure. 

1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 

? Phil. Mag., 11, 680, 1906, 
* Phys. Zeit., 10, 46, 1909. 
*Phil. Mag., 10, 318, 1905. 
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The results of the experiment showed that the ionization in the testing 
vessel was approximately proportional to the pressure of the air from 76 
to 3 cm. It would, therefore, seem fair to conclude that there is not 
present in the active deposit from radium any substance giving out a 
particles which have a range in air between 1 and 5 mm. 
MACDONALD Puysics BUILDING, 

McGILL UNIVERSITY, MONTREAL, 
April, 2, 1909. 


THE SUBLIMATION OF IceE.! 


By H. T. BARNES AND W. S. VIPOND. 


N EASUREMENTS of the latent heat of sublimation of ice have been 

made by means of the Bunsen ice calorimeter. When the ice 
was evaporated rapidly the value was found to be identical with the 
latent heat of vaporization of water at o° C. as determined by Regnault 
and A. W. Smith. When the ice was evaporated slowly the latent heat 
was what would be expected as the sum of the latent heats of vaporization 
of water and fusion of ice. Intermediate values could be obtained by 
regulating the rate of the evaporating air current. 

The theory is advanced that ice vaporizes in a polymeric form which 
is unstable, rapidly breaking down into water vapor with the absorption 
of 80 calories of heat per gram. With rapid currents of air passed 
through the calorimeter the vapor was removed before having time to 
break down, while with slow currents the transformation took place 
entirely within the calorimeter. 


ON THE REPRODUCIBILITY OF THE CLARK AND WESTON CELLS, 
AND A RECALCULATION OF THE MECHANICAL 
EQUIVALENT OF Heat.! 


By H. L. Bronson anp A. N. SHAW. 


HE investigation described in this paper was undertaken witha 
double purpose: (1) to determine with what accuracy we could 
reproduce Clark and Weston standard cells by following specifications 
given by Wolff and Waters ;? (2) to compare these cells with those 
made according to the old specifications and thus to correct the value 
which Dr. Barnes obtained for the mechanical equivalent of heat and 
which was based on the assumption that the Clark cell at 15° C. had a 
value of 1.4342 int. volts. 
‘Abstract of a paper presented at the Washington meeting of the Physical Society. 


April 26 and 27, 1909. 
? Bulletin of Bureau of Standards, Vol. 4, 1, 1907. 
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This work was commenced last summer by Dr. Bronson at the Bureau 
of Standards. Several Clark and Weston cells were made by him there 
and compared with the reference cells at the bureau. Some of these 
were then brought by him to Montreal, and others have since been made 
by both of the writers. We have also been fortunate in having for com- 
parison three Weston cells made last summer at the National Physical 
Laboratory in London. One of these was kindly presented and the other 
two loaned to us by Mr. Ormand Higman, director of the standardizing 
laboratory at Ottawa. 

The agreement among the Weston cells seems to be rather better than 
among the Clark cells. Six Weston cells made by the writers have an 
average variation from their mean of less than 5 micro-volts, and our cal- 
culation shows that their mean is only about 2 micro-volts higher than 
the reference cells at the Bureau of Standards and about 6 micro-volts 
higher than the mean of the three cells from the National Physical Lab- 
oratory. In the case of the Clark cell the average variation from their 
mean is less than 1o micro-volts, while their mean is about 14 micro- 
volts higher than the reference cells at the Bureau of Standards. Asa 
check upon the accuracy of these values, a direct comparison was made 
between the Clark and Weston cells. The ratio at 25° C. was found to 
be 1.394792, which is higher than the value 1.394780 found by Wolff 
and Waters by an amount which is exactly accounted for by the above 
mentioned differences between our cells and those made by them. 

The above results indicate that both Clark and Weston cells can be 
readily reproduced with a much greater accuracy than has generally been 
supposed. 


ON THE MECHANICAL EQUIVALENT OF HEAT. 


In 1902, Dr. Barnes * determined the absolute value of the mechanical 
equivalent of heat in terms of the international electric units. Taking 
the value of the true ohm as 1.01358 B.A. units and the value of the 
Clark cell at 15° C. as 1.4342 volts, he obtained 4.1888 as the mean 
value of the joules per calorie for the interval between 5° C. and gs5° C. 

Within recent years, however, several important determinations of the 
absolute value of the Clark cell have been made. ‘The different deter- 
minations differ among themselves by several parts in 10,000, but I think 
we may fairly assume that 1.4330 volts is very near the true value. There 
are, however, important differences between these cells and those set up 
according to the old specifications by Dr. Barnes, and used by him in 
the determination of the mechanical equivalent of heat. Dr. Barnes has 
therefore made for us twelve cells according to the specifications which 
he formerly used, and we have compared these with our new cells. This 
‘Phil. Trans. Roy. Soc., A, 199, 149, 1902. 
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comparison shows that these twelve cells average almost exactly .30 milli- 
volt higher than the cells made according to the new specifications 
This is.also in accord with the measurements of Wolff and Waters on 
similar cells. 

The best absolute value which can at present be taken for those cells 
which Dr. Barnes used in determining the mechanical equivalent is, 


therefore, 
1.4330 + .0003 = 1.4333 volts at 15° C, 


Dr. Barnes had recalculated his value of the mechanical equivalent on 
this basis, and has obtained 4.1835 joules per calorie for the interval 
between 5° and 95° C., or 4.1849 joules per calorie between o° and 
1co° C. The value obtained by Reynolds and Moorby,' for this same 
interval would be 4.1836 joules per calorie. The value which Rowland 
obtained by direct mechanical methods also shows remarkably good agree- 
ment with that obtained by Dr. Barnes by electrical methods. This is 
especially true when we consider that Rowland did not claim for his 
results an accuracy much greater than 1 part in 1,000. The mean value 
obtained by Rowland, as corrected by Weidner and Mallory, is 4.185 
joules per calorie between 5° and 35° C., while Dr. Barnes’ mean value 
for the same range is 4.183. The above results would indicate that the 
values assumed for the ohm and Clark cell cannot be far from the truth. 


MACDONALD PHysIcs BUILDING, 
McGILL UNIVERSITY, MONTREAL, 


April 7, 1909. 


INCANDESCENT ELECTRIC LAMps AS SECONDARY PHOTOMETRIC 
STANDARDS.” 


By E. B, Rosa AND G. W. MIDDLEKAUFF. 


|* the absence of a satisfactory primary photometric standard which is 

sufficiently reliable and reproducible as to be generally adopted it is 
customary in the measurement of the light of electric illuminants, and to 
some extent in gas flames, to use carbon filament incandescent electric 
lamps as secondary standards. 

The Bureau of Standards has maintained its unit of light substantially 
constant for six years by this means, and has made frequent intercompari- 
sons with foreign laboratories in this way. In order to increase the pre- 
cision of photometric measurements it is desirable that standards be used 
which are substantially of the same color as the light being measured, and 
this makes it necessary to have standards of different temperatures. For 

‘Monthly Weather Review, 35, 458, 1907. 

2 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1g09. 
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temperatures higher than can be attained with carbon lamps, metal fila- 
ment lamps may be used in the same way, and recent experiments show 
that such lamps may be seasoned and used in such a way as to be satisfac - 
tory as standards of candlepower. 

We have recently improved our methods of seasoning and testing lamps 
which are to be used as standards, so as to make them even more reliable 
and more permanent than heretofore. Some of the advantages of these 
standards over flame standards will be pointed out in the paper, and the 
possibility of using such secondary standards for maintaining permanently 
the common unit of light will be discussed. 


PRELIMINARY REPORT ON THE ALTERNATING CURRENT METHOD 
OF MEASURING RESISTANCE IN ABSOLUTE MEASURE.! 


By E. B. Rosa AND F, W. GROVER. 


HE value of a resistance in absolute measure is determined by the 
alternating current method by measuring the value of the self or 
mutual inductance of a coil by means of alternating currents in terms of 
resistance and time with sufficient precision. That is to say, assuming 
that an absolute inductance is known in terms of its dimensions, and that 
it can be compared with precision with some other coil which is to be 
measured by means of alternating currents, or that it can itself be meas- 
ured by the alternating current method, it then remains to determine by 
means of some kind of a bridge or combination of resistances, the value 
of the self or mutual inductance by means of alternating current. We 
have done sufficient work on this subject to justify a preliminary report 
of results which was given at the meeting, although we are not as yet pre- 
pared to give any final values. 
The precision of measurements of the inductances is satisfactory. 
Some improvement remains to be made in the primary inductances. 


Notre ON THE NEW VALUE OF THE UNIT OF CANDLEPOWER OF 
THE BuREAU OF STANDARDs.! 


By E. B. Rosa. 


HE Bureau of Standards has recently come to an agreement with 

the National Physical Laboratory of England and the Laboratoire 

Central d’Electricité of Paris, whereby a common value of the unit of 

candlepower for these three countries is to be maintained by these labora- 
tories acting together. 

The Bureau of Standards, in order to come into agreement with the 

values of England and France, is reducing its unit of candlepower by 


1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
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1.6 per cent. The effect of this will be to increase the candlepower 
ratings of lamps which are expressed in terms of the bureau unit, and 
this includes practically all of the electric lamps of the country. 

Gas flames have been rated in terms of various flame standards, but 
the American Gas Institute has agreed to adopt the new unit of the 
bureau, so that hereafter all flame standards may be expressed in terms of 
the unit of the bureau. 

This international candle will have a value one ninth greater than the 
Hefner unit, that is, the Hefner is go per cent. of the new unit of 
candlepower. 

The International Electrotechnical Commission is undertaking to secure 
international sanction for the use of the term international candle for the 
common unit which is to be maintained constant by America, France, 
and Great Britain. There will then be two international units of light, 
the international candle, and the Hefner unit, having a simple ratio of 
10:9. 


On THE ABSOLUTE MEASUREMENT OF CURRENT BY A NEW 
CuRRENT BALANCE! 


By E. B. Rosa AND N. E. Dorsey. 


HE Raleigh form of balance has been adopted as affording the pos- 
sibility of determining the constant of an instrument with extreme 
precision, and giving a sufficiently large force to be measured accurately. 
Many improvements have been made over the original balance as used by 
Lord Raleigh, one of the most important being the use of water cooling 
to maintain the coils at constant temperature, so that the constant of the 
instrument and the forces to be measured are unaffected by the heat due 
to the current. 

The instrument has been in use for more than a year, and has been 
investigated very elaborately for the purpose of obtaining the highest 
possible precision in the absolute measurement of current. The final 
results have not yet been obtained, but a report of progress will be made 
and the results communicated. 

The difference found between the present legal value of standard cells 
and the value given from the current balance and a standard resistance is 
9 parts in 10,000, giving the Weston Normal cell the value 1.0182 volts 
at 20° C. The corresponding value of the Clark Standard cell, as at 
present made, is 1.4324 at 15° C. (This is .0003 less than the older 
form of the Clark cell.) The value to one more decimal place will be 
given in the final account of the work. 


' Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, Igo9. 
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THE Dayvicut EFFICIENCY OF ARTIFICIAL LIGHT SourRcEs.! 
By HERBERT E. IVEs. 


N investigation prompted by the question whether the newer high 
efficiency illuminants might not be screened to resemble daylight 
without prohibitive loss of efficiency. Daylight is assumed to have the 
spectral relation to acetylene found by E. L. Nichols’ investigations. 
Two methods are developed. The first, by a discussion of the colored 
absorbing screens necessary to reduce a continuous spectrum to the day- 
light spectrum, and the luminosity values of the different colors of the 
spectrum, leads to a quantity 


Intensity of white light obtained by screening source to daylight color 
Intensity of unscreened source 


called the ‘‘ white light efficiency.’ The second, by considering the 
amount of white light which, mixed with a single spectrum ray, will 


match the colored light, leads to a quantity — _— donors 
Intensity of total sensation 
called the ‘‘ white sensation efficiency.’’ 

The white light efficiency depends upon arbitrary choice of point from 
which screening starts, and gives zero value to selective sources of the 
type of the mercury arc. It gives an indication of a source’s suitability 
for use where color values are to be judged. Numerical values indicate 
that ordinary sources (glow lamps, acetylene, etc.) have from 20 to 50 
per cent. available white light. A11{ watts tungsten lamp may be screened 
to resemble daylight with a resultant efficiency of about 4 watts per candle, 
or the efficiency formerly considered practical in electric lighting. 

The white sensation efficiency is appligable to all types of sources, and 
accurately describes the color of the light or a white surface illuminated 
by it. It gives no idea of the source’s suitability for color discrimi- 
nation. It is, however, independent of any choice of screening point 
and scientifically preferable. The white sensation efficiencies are always 
higher than the white light efficiencies. 

For the most useful comparison of artificial sources the results of the 
two methods have been combined by a graphical scheme. Rectangles 
represent the amounts of white sensation in the various sources, the 
shaded portions of the rectangles the amount of white light available by 
screening. Sources well suited for color discrimination have large 
shaded portion and vice versa, while large rectangles indicate lights of 
good integral color. ‘The dominant spectrum hue of each light is given 
by an adjoining wave-length scale. 

1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
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AN IMPROVED FoRM OF THE DUDDELL Sinoinc Arc.! 
By GEORGE W. NASMYTH. 


N the usual form of the Duddell singing arc, the direct current arc, in 
series with a suitable resistance and choke coil, has the oscillation 
circuit containing capacity and inductance connected in shunt across the 
arc, from anode te cathode. In the improved form, two arcs are used in 
parallel, each with its own resistance and choke coil, and the oscillation 
circuit is connected between the two anodes, the two cathodes being con- 
nected together. (Or the two anodes may be connected together, and the 
inductance and capacity placed between the two cathodes.) The diagram 
of connections for the new form is shown in the accompanying figure. 


6-4 


























Fig. 1. 


The chief advantages of this form of the singing arc are in the increased 
power available in the oscillation circuit, and a greatly increased sta- 
bility in the oscillation conditions. The power available in the oscillation 
circuit is approximately twice that obtainable from the usual form of the 
singing arc. With two arcs connected in this way, the fluctuations in 
either arc have a tendency to be neutralized by the other arc, and the 
effect on the oscillations is greatly diminished. If the arcs are surrounded 
by a hydrogen atmosphere, supplied by alcohol lamps or illuminating gas, 
the oscillations will be maintained for a time even though one arc goes 
out, the other arc continuing to send the oscillations through the hydrogen 
atmosphere. If one arc is short circuited, the connections are changed 
to the usual form of the singing arc, and the oscillations will continue. 

With this new form of the singing arc the author has obtained oscilla- 
tions over a range of frequencies from two per second to 1,000,000 per 


1 Abstract of a paper presented at the Washington meeting of the Physical Society 
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second. As in the usual form, small currents (from .5 to 3 amperes) give 
the most energy, and a water-cooled copper anode is ofadvantage. For 
low frequencies the arcs should be as long as possible, but for high 
frequencies it is necessary to shorten the arcs. 

As in the Duddell form of the singing arc, the phenomena in this case 
may be explained as due to the negative slope of the voltage-current arc 
characteristic. Referring to the figure, suppose the current through the 
arc 4, to be diminished by a small amount. The cross-section of the arc 
vapor will be decreased, thus increasing the resistance, and causing a rise 
in the potential difference across the arc. <A charge will then flow 
through the condenser C of the oscillation circuit, causing an increase in 
the current through the arc 4,, the two choke coils keeping the two cur- 
rents from the main supply constant. The increased current through 
A, enlarges the cross-section of the arc, lowers the resistance of this arc, 
and decreases the potential difference across it. This causes more elec- 
tricity to flow from the first arc into the condenser, raising the potential 
on the left-hand side of the oscillation circuit and lowering it upon the 
right, and so the effect goes on, cumulatively, until the potential differ- 
ence across the condenser becomes great enough to reverse the process, 
and the oscillations go back and forth in the natural period of the oscilla- 
tion ciruit. 

Preliminary experiments with varying arc length and arc currents indi- 
cate that the equation for the frequency of the usual form of the singing 
arc holds also for the new form. This equation’ is 


de. ¢e#i@\" 
em. I wie ) 
~ ar@) ZC 4L* 


where Z is the inductance, C the capacity and & the resistance in the 
oscillation circuit. / is the length of the arc, and ¢ and d are constants 
depending upon the electrodes and the gas in which the arc is formed. 
For the new form, if / and /, are the lengths and 4, and 4, the currents 
of the two arcs, respectively, the equation for the frequency would be 


(2 _é +id_¢ + 4) 


— I \ I os A, A, 
az NIC 4L* 


If V, and V’,are the potential differences across the two arcs, the equa- 
tion may be written 


fav. av? 
A 1 ‘) 
_ I I (« aA, 7) 
re ae we 4L? 


‘See Puys. Rev., Vol. XXVII., No. 2, August, 1908, p. 128. 
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Experiments also indicate that the power available in the oscillations 
increases with — @V/dA, the negative slope of the arc voltage-current 
characteristic curve, and data which the author hopes to include in a more 
complete article in the near future show that in order to have the oscilla- 
tions set up the resistance of the oscillation circuit must be less than the 
sum of the negative slopes of the two arc characteristic curves. 


PHYSICAL LABORATORY, 
CORNELL UNIVERSITY, 


SpeciFIC HEATs AT HIGH TEMPERATURES.' 
By WALTER P. WHITE. 


YEAR ago, specific heat determinations at high temperatures were 
described in which the hot bodies were dropped from an electric 
furnace into a calorimeter. The calorimetric errors were negligible. The 
heat loss in transit was compensated and thus reduced purely to an acci- 
dental error, which the agreement of the results shows to have been very 
small (.1 percent. or less). The preponderant source of error was the 
difficulty of obtaining uniform temperatures in the electric furnace. A 
longer and narrower furnace was therefore constructed, in which radiation 





TABLE. 
Platinum. MgCaSi,O, CaSio, 

Temperature. — ———_——__——_ 
Mean. Actual. Mean. Actual. Mean. Actual. 
100° .1920 .2050 . 1833 .1916 
500 .03351 .03560 .2310 -2668 .2170 -2510 

700 -03425 .03685 .2420 .2288 
900 -03515 .03799 .2490 .2810 .2355 .2604 

1100 -03575 -03901 -2563 .2400 
1300 -03644 .04003 .2600 -2800 -2420 .2510 


1500 -03679 .04073 


shields above and below the charge increase the uniformity of tempera- 
ture. ‘The accidental variations of the results were thus brought in nearly 
all cases below .5 per cent., usually below .2 per cent. The systematic 
errors are probably not much larger, but are to be further investigated. 
Meanwhile, the results seem trustworthy to 1 per cent., except above 
1400°, and as little is known of specific heats in the region covered, a 
preliminary publication of some illustrative substances is now given. 
The temperature scale was determined from experiments still in progress 
at the Geophysical Laboratory, and does not contribute appreciably to 


' Abstract of a paper presented at the Washington meeting of the Physical Society, 
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the systematic error, except again, possibly, at the highest temperatures. 
The following values for platinum and two pure crystalline silicates are of 
the mean specific heat from o up, which was directly determined, and of 
the actual specific heat at each temperature, derived from this. 

The results for CaSiO, are within 1 per cent. of those obtained a year 
ago. These data agree within .5 per cent., in most cases much closer, 
with the following formulas for the mean specific heat. 


—10.g2 
#, 


Pt .03198+3.4x 10° or .03198+3.967x 10 *I—4.67 X IO 
CaMgSi,O, .1779 + 1.516 x 10 *# — 1.047 X 10% 4 2.81 x 10 "¥', 
CaSiO, .1722 + 1.18 X 10 *#— 6.16 X 10° + 9.4 x 10 7H. 

The linear equation for platinum is the more convenient, the other, 
probably nearer the truth ; their difference is well within the possible error. 

If 4 + Bi + C#¥ + DH + --- is the expression for the mean specific 
heat, the actual specific heat is given by 4A + 284 + 3C¥# + 4D¥ 4--- 
but the actual heats thus determined contain the errors of the mathe- 
matical expression in an exaggerated degree, hence those here given for 
the silicates were obtained graphically. Even so, they are less accurate 
than the mean heats, especially at the higher temperatures (an error of 
one per cent. in the mean heat at 1500° may produce one of seven per cent. 
in the true heat). The apparent decrease in the silicate specific heats 
above goo° must therefore not be given undue weight ; but the general 
character of their specific heat curves, whose increase is mainly at com- 
paratively low temperatures, is unquestionable and in striking contrast to 
platinum. 

Quartz shows the same type, even more strongly marked, but the 
inversion at 575°, which causes a heat evolution of from 4 to 5 calories, 
complicates the treatment of the data, and will necessitate further ob- 
servations. The mean heat, o—500°, is .2370, which is very much 
lower than some published values. The specific heats here given for 
platinum are also several per cent. below accepted values. 


GEOPHYSICAL LABORATORY, 
CARNEGIE INSTITUTION OF WASHINGTON, 
April 6, 1909. 


CALORIMETRIC Accuracy. (METHOD oF MixTvres.)' 
By W. P. WHITE, 


I. INCREASE OF THE WORKING TEMPERATURE DIFFERENCE. 
HE calorimetric cooling correction is generally computed on the 
assumption that Newton’s law of cooling holds, and to make this 
assumption tenable, the temperature rise in the calorimeter is restricted 


' Abstract of a paper presented at the Washington meeting of the Physical Society, 
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to a small value, 2 to 4°. A larger interval would diminish the effect of 
the accidental errors in the thermometer reading, and is easily employed 
if the law of cooling of the calorimeter is first determined. 

In one case, this followed the cubic equation 


K = .0033% + .coor14#” — .00000237" 


where # is the difference in temperature between calorimeter and jacket. 
If, now, the difference between this function and the simple function 


K = .0033% 


is tabulated and applied as a correction to the absolute values of #, the 
corrected values of # are then proportional to the cooling rate, and may 
be operated upon precisely as if Newton’s law held. The daily variations 
in the magnitude of the cooling constant are eliminated by this method, 
just as by the usual one. ‘The corrections are found graphically and the 
whole operation hardly requires ten minutes. The possible error from it 
is far less than several other calorimetric errors. Furthermore the cal- 
orimeter temperature usually rises rapidly and then falls slowly, so the 
final value of # when the cooling rate is experimentally determined is 
near the mean for the preceding interval and the correction on account 
of the variation from Newton’s law of cooling is really very small, —so 
small that it need only be determined once or twice in the course of a 
long series of experiments, and may be neglected altogether for work not 
of the highest accuracy. In a number of different series, with tempera- 
ture intervals reaching 23°, and a time interval of 14 minutes, its maxi- 
mum value was .o2 percent. A great increase in effective thermometric 
sensitiveness can therefore be obtained with practically no cost, either in 
labor or chance of error. 


II. Sources OF ERROR. 


1. A bolometer wire .oo1 mm. in thickness can be heated 100° above 
the air and will remain not only constant but steady in temperature to 
.coo1°. There is therefore no reason to suppose that it is at all difficult 
toso control conditions that the cooling of a calorimeter may be very uni- 
form and dependable, nor is there much, if any, direct evidence to the 
contrary. 

2. The necessity of measuring the cooling rate augments, and under 
favorable conditions about doubles, the error from accidental variations 
in the thermometer reading. This effect does not depend on the magni- 
tude of the correction, not even when the correction vanishes altogether, 
unless its being equal to zero can be assured without thermometric 
measurement. 

3. A simple reckoning shows that appreciable error may frequently 
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arise from neglecting the variation in the temperature of the jacket, but 
this of course is very easily obviated. The same may also be said of 
variations of the heat produced by stirring. 

Otherwise, the only important source of error due to the cooling arises 
from its variations before settling down to a steady value, all of which 
are most conveniently treated as time lags. 

4. The lag of the thermometer has already been shown to be negligible 
under ordinary conditions.’ 

5. If a hot body is in the calorimeter, the temperature of the surface, 
on which the cooling depends, will for a while lag behind that of the 
thermometer, by which it is determined. 

6. On account of the time required to heat the air about the calorim- 
eter, the cooling rate will not at once attain the value appropriate to 
the measured temperature difference. 

7. That portion of the cooling which is due to the outlying parts of 
the calorimeter will obviously lag, since their temperature lags behind the 
rest. 

The error from these lags is easily shown to be insignificant. A calo- 
rimeter holding two liters will cool so as to lose about .003 of its excess 
temperature per minute, hence a lag of 20 seconds in the cooling rate 
means only .1 per cent. final error, nor would this be more than doubled 
if the calorimeter were reduced to 250 c.c. Now, the lag 5 above need 
not exceed 2 seconds, hence .or per cent. is a generous estimate for 
its effect, and also for the effective value of 7, since that concerns 
only a small part of the calorimeter surface. Direct measurements 
show that 6 would rarely reach 10 seconds. This would, of course, be 
important in absolute determinations, but in a directly calibrated calo- 
rimeter the resulting error is only the variation of the effects with different 
ranges or methods of heating. But in the case of a single body receiv- 
ing heat from another, the integral of the lag depends only on the inter- 
val and the conductivity, being entirely unaffected by the manner in 
which the first body is heated, whether slow or sudden, steady or variable. 
Hence the error from 5, 6 or 7 is confined to the possible slight varia- 
tions in the integrals of these lags which might result from the fact that 
they depend upon bodies which are not quite simple — variations which 
in any case occur only through radical differences in the method of heat- 
ing, and which affect quantities whose original magnitude corresponds to 
less than .o5 per cent. of the heat measured. 

It is clear, then, that under proper conditions, the thermometer 
reading, rather than the cooling correction itself, is really responsible 
for the unavoidable calorimetric errors. Since in diminishing the size of 
the calorimeter the need for thermometric sensitiveness decreases at a 


'Puys. REV., 27, 526, 1908. 
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rate approaching the cube of that in which the cooling correction in- 
creases, the possible gain from increasing the temperature interval is 
evident. 
GEOPHYSICAL LABORATORY, 
CARNEGIE INSTITUTION OF WASHINGTON, 
April 6, 1909. 


THE RETARDATION OF ALPHA Rays By METALS AND GasEs.! 
By T. S. TAYLOR. 


N a paper, in the American Journal of Science, for September, 1908, 
the writer described some experiments which showed clearly, that 
the air-equivalents of metal foils decrease with the range of the a-particles 
entering the foils. By ‘‘air equivalent’’ is meant the amount by which 
the range of the a-particles in air is cut down by their passage through the 
foil. ‘The change in the air equivalents is small for thin foils of the 
lighter metals when the range of the a-particles entering the sheets is 
high ; but when the range is low for thin sheets, or when the sheets are 
thicker, the change becomes quite marked. By comparing the change 
for sheets of different metals of nearly equal air equivalents, the rate of 
change was found to be in the order of the atomic weights of the metals. 
Geiger in the Proceedings of the Royal Society’ pointed out that 
a-rays are scattered by their passage through metal foils. This raised 
the question as to whether the results obtained by the writer were due to 
the scattering of the rays. This particular point was investigated, and it 
was found that, although the a-rays are scattered not only in passing 
through metal foils but also in passing through the air, the effect previously 
observed was not influenced by the scattering and hence could not be 
explained on that basis. 

Polonium was used as the source of the a-rays in the experiments cited 
above. In order to extend the investigation to a-particles of greater 
range, radium bromide has been used as the source of rays in later experi- 
ments. The results obtained in this case are in complete agreement 
with those found in the first experiments. Moreover some other inter- 
esting phenomena have been observed. The air equivalent of a sheet of 
paper does not vary, as it does in the case of the metal foils, with the 
range of the a-particle, but remains constant. The same statement holds 
for a sheet of ‘‘celloidin.’’ The air equivalent of a cell containing 
hydrogen, instead of increasing with the range and consequently with 
the velocity of the a-particle, decreases as the range of the entering a- 

1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
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particle increases ; the thicker the cell of hydrogen, the greater the rate 
of decrease. The constant values of the air equivalents of the sheets of 
paper and ‘‘ celloidin,’’ and the anomalous behavior of the hydrogen 
sheets may be expected ; for the effect we have measured is a relative 
one, that is, we have substituted the different substances for the air at 
different points of the range of the a-particles and made a comparison in 
this way. Hence, if for those materials having atomic weights greater 
than that of air, the air equivalents decrease as the range of the entering 
a-particle decreases, then for substances such as paper and celloidin hav- 
ing atomic weights about the same as air, we should expect their air 
equivalents to remain constant ; but, on the contrary, for a lighter sub- 
stance, such as hydrogen, we should expect its air equivalent to increase 
as the range of the a-particle decreases. 

Using the same source of rays, the Bragg ionization curves have been 
obtained in an atmosphere of hydrogen, and in an atmosphere of air 
reduced in pressure so as to have the range in air the same as it was in 
hydrogen. The curves obtained in the two cases present differences 
which are in accordance with the phenomena cited above. 

SLOANE LABORATORY, 
YALE UNIVERSITY, 
March 31, 1909. 


REDETERMINATION OF THE RADIATION CONSTANTS OF A 
Brack Bopy.! 
By W. W. CoBLentTz. 


HE radiation from the so-called black body was investigated about 

eight to ten years ago and the results then obtained are somewhat 

at variance. In view of the fact that it seems feasible to replace or at 

least to supplement the present thermoelectric extrapolations, at high 

temperatures, by means of a temperature scale based upon these radiation 

laws, it is desirable to make a thorough spectrobolometric investigation 
of the black body at various temperatures. 

In previous investigations it was thought that an accuracy of about 
three per cent. had been attained. In order to attain a still greater ac- 
curacy very elaborate provision must be made in everything that pertains 
to the work. 

In the present investigation an electrically heated radiator is being 
employed. The temperature within the radiating cavity is uniform to 
within 0°.5 for a distance of 6 to 8 cm. from the central radiating wall 
(or over a total length of 12 to 16 cm.). During any series of observa- 


1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
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tions the temperature is maintained constant to 0°.2 to o°.3 — no ob- 
servations being made when a greater variation occurs. 

The bolometer of platinum, .coo4 mm. in thickness, 4.2 ohms, is 
placed in the focus of a hemispherical mirror. Its rear side is left bright 
and its front side is painted with a thin coating of a mixture of lamp 
black and platinum black, in alcohol. A bit of camphor is added which 
prevents the mixture from ‘‘creeping’’ while drying, and ultimately 
evaporates. When dry the front side of the bolometer is smoked a little. 
This would seem to render the bolometer about as ‘‘ black’’ as one can 
expect to make it. The resistance of the bolometer for various battery 
currents as well as its temperature coefficient are known. 

Contrary to some of the prevailing notions, the uncertainties in the 
measurements are located in the bolometric end of the apparatus instead 
of in the constancy of the temperature of the radiator. 

Two series of spectral energy curves at various temperatures from 500° 
to 1490° C. have been obtained — in all 33 different curves. The ob- 
servations extend over a long period in which there were days when the 
sensibility of the apparatus, the temperature of the room, or the humidity, 
etc., varied, so that some of the errors due to these causes ought to be 
minimized in the final results. 

The data are not sufficiently worked out to make a more definite state- 
ment than that after a three-hour run it has been possible to repeat the 
observations in different parts of the spectrum with an accuracy of o.1 to 
0.5 per cent., and that the 4, 7’-constant seems to be as high as any 
value heretofore obtained. 


Tue PLATINUM THERMOMETER AT HIGH TEMPERATURES.’ 
By C. W. WAIDNER AND G. K. BurRGEss. 


HIS is an experimental investigation’ of the applicability of the 

Callendar formula for the calibration of platinum thermometers, 

in the range 0° to 1100° C., for platinum of different degrees of purity. 

Platinum temperatures are numerically defined in terms of the resist- 
ance of platinum as follows : 


pt= 100(R — R,)/ (Ri, — Fy) 


and the difference between platinum and gas scale temperatures is given 
by the formula : 

t— pt = 3(¢t/100 — 1)t/100. 
The fundamental interval F.I. is evidently #,,,— ,, and the funda- 


1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
2 To be published shortly in the Bulletin of the Bureau of Standards. 
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mental coefficient, c= (&,,, — &,)/100#,. The constants 6 and ¢ are 
characteristic of the material of the thermometer. Calibrations are made 
at 0°, 100°, and 444°.70 C. (the boiling point of sulphur) giving the 
values of &,, &,,, and #,, respectively, from which data any other 
temperature may be computed from the observed resistance, 2. 

Nine platinum thermometers were used of wire varying in diameter 
from o.1 to o.6 mm, and having a range of &, from 0.11 to 21.3, of ¢ 
from 0.0039 to 0.0017, and of 3 from 1.50 to 1.80. The thermometers 
were of the compensated and of the potential lead types; some of the 
measurements were taken by a potentiometer method, some by means of 
a special Wheatstone bridge, and some of the thermometers were adapted 
to measurements by three methods, the potentiometer, the Wheatstone 
bridge, and the Kelvin double bridge. 

The resistance measurements were made to 1 or 2 parts in 100,000. 

The metals were used in crucibles of pure graphite with powdered 
graphite covering them and in amounts of 1.5 to 2 kilograms, ensuring 
ample depth of immersion of the coil of the thermometer. The melting 
and freezing point determinations were carried out in vertical electric 
resistance furnaces wound with two platinum ribbon heating coils on 
concentric porcelain tubes, the windings being so spaced as to give quite 
uniform temperature distribution throughout a considerable length of the 
furnaces. ‘The temperature could be maintained constant to within a 
few hundredths of a degree for many minutes at a time, during the freez- 
ing or melting of the metal. By stirring with the thermometer, under- 
cooling could be practically avoided. 

The results of the freezing-point determinations are shown in the table. 

It will be seen that for pure platinum, for which ¢ = 1.50, the Cal- 
lendar equation is in agreement with the generally accepted gas scale to 
within the limits of reproducibility of the latter, or 1° C., but for im- 
pure platinum this equation no longer holds. 

The effect of high temperatures on the constants of platinum thermom- 
eters is, in general, to reduce the value of #, and increase F.I. The 
effect on é is very small. Measurements made with pure platinum ther- 
mometers of heavy wire (diameter = 0.6 mm.) without the usual mica 
supporting frame, show unusually small changes in A, even after several 
heatings for some hours each at 1250°, changes equivalent to only a few 
tenths degree C. 

Thermometers of pure palladium were also tried, for which 6 = 2.89 
and ¢ = 0.00336. They do not satisfy the Callendar equation ; for ex- 
ample, it leads to a value of 1152°C. for the F.P. of copper. The ef- 
fects due to heating are similar to those found for platinum. 

Four Pt, Pt-Rh thermocouples, of slightly differing composition, cali- 
brated in terms of the equation 7=a-+ 4Z£ —cE£* at three of the 
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Scale of Platinum Thermometer. Callendar Formula. Calibration Data: Ice Steam, Sulphur 


Metal. 


Sn 
Cd 
Pb 


Zn 


Sb 
M.P. 
Ag-Cu 
71-29 
Ag-Cu 
72-28 
Ag-Cu 
73-27 
Ag 
Cu 


( S== 444°.70 C.). 





5 = 1.505. c=0,00385 to 390. 6 =1.570. ¢ = 0.00206 to 210. = 1.803. ¢ = 0.00173. 
: 3 3) Number of 3 . Oo | Number of ' 3 3) 
‘s a : = = . = se 
a 3 | 8 ise 4 z -| $ led é 70 
a ) a = i o H = i$ r) 
E e s\f zs) §& | § 8 EF gel & : 
sj iets * & é . a 
f 23192 004 4.1K 2 s 
L 231.89 09; 6| 3 | 2 231.82 0.08 4 3 1 
321.01 09| 3}; K | 2 320.95 02; 2| 1 l 
327.58 mai 8) 5 1 
» 04 6 K 1 f§ 08 8 3K 1 
419.37 ( 11 9! 3 1] 41932 6 1611 5 1 
, 6 = 1516 , 6=1551 
41930 (| 06 5 K 1 419.28 | ie ae ! ; 
630.71 57| 71/3 K\ 2 631.25 17° 43K)1 632.65 0.09 2 
630.80 15 42K 1 631.06 08 3 3k 1 
779.55 08; 3) % |2 781.21 06; 2, 1 1 
779.18 45 6 1 3 
779.23 wei 3i 3 | 784.61 14/2 
960.88 39; 8} 1 |3 966.21 02 2 1 1 975.28 08 2 
1083.04 161 7 B.C.W.3} 1091.92) 115 4 3 l 1106.2 1 
1082.88 2.26;13|' 4 4 





‘*Range’’ = difference between highest and lowest F.P. determinations. 
‘* Number of samples’’ refers to materials from different chemical firms. 
**K’’= ** Kablbaum,”’ ‘* B. C, W.’’= Baltimore Copper Works’ purest product. 


freezing points in the table (Zn, Sb, Cu or Zn, Ag-Cu, Cu), as given 
by the platinum resistance thermometer, agree with each other to within 
o°.3 at intermediate temperatures, and to within 1° with the scale as de- 
fined by the thermometer of pure platinum. 


Note ON RapiaTion Due To Impact oF §-PARTICLES Upon 
Sotip MatrTer.' 
By C. DaAvisson. 
N attempt has been made to detect the existence of a non-deviable 
type of radiation similar to X-rays, due to the impact of 8-particles 
upon solid matter, or, at least, to reduce the limits of experimental error 
within which it may be said such radiation is not to be observed. 


! Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
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The method of procedure has been to concentrate the §-radiation from 
five milligrams of radium bromide along the axis of a strong magnetic 
field ; to interrupt this concentrated radiation by means of a metallic 
target and examine the radiation proceeding from the target at right 
angles to the direction of the field. A field of from 3,500 to 4,000 lines 
per cm.’ has been found sufficient to concentrate the greater part of the 
8-radiation into two streams of a centimeter or less in diameter, proceed- 
ing in opposite direction from the radium along the lines of force. The 
individual f-particles move in spiral orbits but in the aggregate they form 
a cylindrical stream analogous to the cathode stream. On intercepting 
one of these streams by means of a lead target inclined to make the angle 
of incidence about 45 degrees, it has been found that the ionization inside 
a closed vessel whose center is 45 cm. from the target, on a line through 
its center at right angles to the direction of the magnetic field, is in- 
creased by about twenty ions per c.c. per sec. 

It should be stated that the intensity of the magnetic field between the 
target and the closed vessel is not uniform but decreases almost uniformly 
from the target outward at the rate of g per cent. of its maximum value 
per cm. to a point where its value becomes negligible. 

Various shadow-casting experiments which have been carried out to 
date do not indicate conclusively that the radiation reaching the ioniza- 
tion chamber from the target is propagated in straight lines. They re- 
ceive ready explanation, however, on the view that the radiation is, in 
fact, rectilinear but that it appears to be otherwise on account of a devia- 
ble tertiary radiation from solid bodies in the neighborhood of the beam 
examined. Modifications are being made in the apparatus at present by 
means of which it is hoped a definite answer may be made to this question. 

Shielding experiments have indicated that the radiation is quite soft, 
its effect being halved when o.1 mm. of lead foil is interposed between 
the target and the ionization chamber. 

Experiments with targets of different material have indicated that the 
radiation from them is an increasing function of their atomic weights. 

A more detailed account of these and other experiments bearing on the 
same subject is in preparation. 


PALMER PHysICAL LABORATORY, 
PRINCETON UNIVERSITY, 


April 14, 1909. 
PRELIMINARY NOTE ON THE VARIATION WITH SPEED OF THE 
Mass OF AN ELEcTRON.! 
By C. A. Procror. 
HE general arrangement of apparatus was similar to that employed by 
S. Simon for the determination of ¢/m, with the addition of a 


1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
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condenser in the discharge tube to admit of measuring the electric devia- 
tion of the rays. The electric deflection was computed from the magnetic 
by the Lorentz and Abraham formule and the result compared with the 
observed deflection. 

A large number of observations at velocities varying from 0.13 to 0.44 
the velocity of light give a mean deviation of computed from observed 
deflections of +0.45 per cent. in the case of the Abraham formula, and 
of + 1.05 per cent. in the case of the Lorentz-Einstein formula. 


THE NATURAL SCALE OF PuRE CoLor,' 
By P. G. NuTTING. 


~TEINDLER has made determinations of the least difference in wave- 
length that are perceptible as differences in color. Reciprocals of 
these values give the relative sensibility of the eye to wave-length differ- 
ences throughout the spectrum. But sensibility is the derivative of scale 
reading, hence integration of the sensibility curve gives color as a func- 
tion of wave-length. The visible spectrum was divided into 25 parts 
representing 25 steps of equal color difference on the theoretical scale 
and comparison with a suitable normal spectrum showed no perceptible 
errors. 


An EXPERIMENTAL DETERMINATION OF THE RESOLVING POWER 
CONSTANT OF LENsEs.' 


By P. G. NUuTTING. 


ITH a half-tone screen of about 200 lines to the inch illuminated 

with monochromatic light as object, the resolving power of a 

F/3 to #/20 lens may be determined with considerable precision. 

Theory gives 

g=a h 

as the least angular separation between two objects just resolvable by a 

lens of diameter 2/ used in light of wave-length 4.. Viewing two stars, the 

image of either is calculated to lie at the center of the first dark diffrac- 
tion ring surrounding the other when a = 0.61. 

With the half-tone screen the following determinations of a were made : 


All structure leaves image when a= 0.48 
Nature of object apparent when a= 0.54 
Image shows proper form but lacks contrast when a= 0.65 
Shadows just, perceptibly hazy when a= 0.95 


1 Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
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Hence the theoretical value of @ assumes an image agreeing in form 
with the object but greatly lacking in contrast and without clear shadows. 


THE EFFECT OF TEMPERATURE UPON THE ABSORPTION SPECTRA 
OF Various SALTS IN SOLUTION.' 


By W. W. STRONG. 


HE present work is a continuation of that reported upon by Jones 
and Strong * and is being carried on by a grant from the Carnegie 
Institution of Washington. 

The apparatus is the same as previously described with the addition of 
prisms and a temperature bath by means of which the temperature of the 
solution could be changed. ‘The length of solution in the path of light 
could be varied between 3 and 250 mm. The method is due to Dr. 
Anderson and works very well for solutions that do not evaporate rapidly. 

Salts of chromium, cobalt, uranium, nickel and copper have been in- 
vestigated between 0° and go° C. in water over a region of the spectrum 
between 4 2100 to 4 7600. Wratten and Wainwright red sensitive films 
are used. Erbium, neodymium, presodymium and potassium salts are 
being worked at present. Later these salts will be worked in different 
solvents up to the critical temperature of the solvent. 

All the salts investigated show increased absorption as the temperature 
rises. The absorption bands widen in every case as the temperature is 
increased. At the same time several of the uranyl bands appear to shift 
towards the longer wave-lengths without changing very greatly in inten- 
sity. This may be due to dehydration of the uranyl group. Many of 
the wider bands broaden unsymmetrically, the broadening on the red 
side usually being the greater. 


NOTE ON THE RATE OF MOVEMENT, DEPTH AND INTENSITY OF 
Strorms.' 


By Wm. R. BLAIR. 


1. The vertical distribution of moisture in the atmosphere. 

2. The change in temperature with altitude and its relation to the 
moisture distribution. 

3. The variation with altitude of the velocity of the prevailing westerly 
winds upon which storm movement seems to depend. 

4. The influence of these three factors on storm intensity and the con- 
clusion that, for a given location and season, deeper storms move faster 


' Abstract of a paper presented at the Washington meeting of the Physical Society, 
April 26 and 27, 1909. 
?Puys. REv., Feb., 1909, pp. 143, 144. 
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and bring about the more abrupt also the greater changes in weather 
conditions. 


TEMPERATURE CHANGE WITH ALTITUDE IN THE LOWER STRATUM 
OF THE ATMOSPHERE AND ITS RELATION TO SURFACE 
AIR PRESSURE AND OTHER PHENOMENA. 


By Wm. R. BLarr. 


1. Diurnal variation of temperature. 

2. The aperiodic variation depending on the succession of cyclonic 
and anticyclonic conditions. 

3. Characteristic changes in the temperature during the passage of an 
area of high pressure. During the passage of an area of low pressure. 

4. The relation of the gradient to the vertical air movement. 


THE DETERMINATION OF THE CONSTANTS OF INSTRUMENT 
TRANSFORMERS.' 


By P. G. AGNEW AND T. T. Fitcu. 


HE constants to be determined are the ratios and phase angles 
between primary and secondary. In the case of potential trans- 
formers this is accomplished by drawing from the source of supply, asmall 
current through a high non-inductive resistance, and applying the sec- 
ondary to this resistance potentiometer fashion, using as a detector the 
moving coil of a dynamometer whose field coil is in the primary circuit. 
This makes the ratio depend directly on two bridge values of resistance. 
The phase angle is obtained with the same set-up by applying the small 
resultant e.m.f. to the moving coil of a dynamometer whose field is excited 
by a current in quadrature. A maximum sensibility of 1/20,000 in ratio 
and of 0.1’ of phase angle is obtained. A similar method is used for the 
ratio and phase angle of current transformers. Measurements on a con- 
siderable number of transformers showed that the potential transformer 
is an instrument of high precision, and that the same is true of the 
current transformer but to a less degree. It was found that in case the 
secondary of a current transformer be open circuited while current was 
passing through the primary, the constants were changed, due to the 
permeability of the iron being decreased, but that this effect could be 
removed by demagnetization. 

In connection with the work a method was developed for the compari- 
son of extremely low inductances, 1o~ henry, or lower, with an accuracy 
of one per cent.* | 

1 Abstract of a paper presented at the Washington meeting of the Physical Society, 


April 26 and 27, 1909. 
2 This paper will appear in full in the Bulletin of the Bureau of Standards. 
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